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ABSTRACT 

In order to study the post-exercise response of protein 
synthesis to different acute exercise joads, 54 male rats 
ran at either 30m/min for 30 minutes or 90m/min, 10:20s 
work:rest, for 30 minutes on each of two consecutive days. 
Animals were sacrificed and soleus and plantaris muscles 
were excised either pre-exercise or at 0, 12, 24, 36, 48, 
60% of 72) hours, post: sexercises, IN@ivivo: incorporation of 
L-(4,5 3H)-leucine was measured (dpm/mg protein) in the 
whole homogenate and in three subcellular fractions. The 
results indicate that the response of protein synthesis to 
acute exercise may not follow the same time-course pattern 
in all animals. It would appear that the protein synthetic 
response to sprint exercise is delayed with respect to that 
of endurance exercise (jé. endurance response range - 12 to 
36h; sprint response range - 24 to 48h). It is possible that 
this delay is intensity related. As well, the response of 
leucyl-tRNA to acute exercise would indicate that part of 
the mechanism by which the training effect is built involves 


modification of the translation step of protein synthesis. 


even ston nf bo! e¢tot 
20S.0{ oritnimy. 16 ue 
igh vijuasatou ow! Te pag ite 
sail zeimy «2h tedetéiq» Des suahes’. 
“4 2° Bn 8b Oi168 1a aa ae a ie 
ts. ,-Sh* HegwentTt ovru, Wb" eet ume tag ai a cae ala 
Sit.n! (Ageteso wn nigy: oe hala = arti aue’t- tet Bal : 
SAT. nother? ef Gl tan?) 19s rs" ne. bers sianagomed of we 
at giaanins alslot t2. Sektrs ort sed stostons altuaes 
melieg, steves-anit sose st wold dan 1a satanese OTups. 
yigatinve wistoay-ott Ish aeeqne ‘bite tT et aintne. ie nt 
faci et igaedsn at lw bevelab et o8/ ateas Hi 4ge oF sertoqent 
a3 ©) - Spe -eereere” Soh woes abl 36 tanaka, sonstida eo : 
pec Sleieeagle: 71 .|o%P oF 58 = egret Saroqee') sae ve 
as oonoges edd (icw en beatshan yhiasetnk at uetan quas 

%m fond Jerd Stnoyaoh bitjow SelajeAS atuss of MAR) <" ast 
gaviavni tiind 2t oele-gate/ an) én? Aoirw yo satenl rd 


»aleorim ie chsiow, Fo Paige io! Talenent aft to aot 
=) Oe 


r 


ACKNOWLEDGEMENTS 

I wish to express my deepest appreciation to Dr. Taichi 
Nihei, co-chairman of my thesis committee and friend. The 
time spent on the 9th floor has been the most valuable = and 
personally rewarding of my academic career. Your constant 
Wilinngmess: lOuSi1 te ana 1Steh ~atOsds SCUSS  slOncrs LIGISe Jha 
constructive way, to teach, and to talk have provided for me 
both an incentive and a forum for learning. 

My thanks and warmest feelings of friendship 1 extend 
to Di Howie Wenger , co-chairman and mentor. Your 
supervision, sense of humor, and guidance even while you 
were away will long be remembered, and your zest for life 
has set an example I can only attempt to strive for. 

My thanks, as well, go to the other members of my 
committee - Dr. Art Quinney, Dr. Dave Secord, and Dr. Len 
Wiebe who were always there and willing when I _= needed 
information and help. Co-operation is surely nice. 

To Dr. John Wilkinson, my external examiner, thanks for 
the! constructive. criticism and insights 1 have more 
questions now than I did before. 

imc Ve to Mrs Marianne Bouthilier, Mrs_ Shirley 
Hilger, and especially Mr David Wiles, your help in the’ lab 
was invaluable and appreciated. Technicians and friends make 


the world go around. 


eran iaer! 5 


: 


idee 70 e) wince 
ent -pnein? bab aes! HGS, 
bos ciel ev. i2em.ond san 
{nghedac. Wet 9°se783 oe ~~ 
a ot setott Ss G: 
am 4otb-tyabi veg ov et a2 Bre 
antiigel (76> arin B he Serre on diod 
hentia. + dire? 40 opaltze aaneta bir ennarts wit 
wot 41chew biG Mamiin pros Jowett shar 9a oF 
iy) Aldtily. neve aongbl by! (ene ) 97" +3 surea \Moretenegua. 
a4 fl set f2ak cen beige hetacsies ot Maal: OODRW, Ke? Gee 
of Jgtsits “ine fet | slqmntevna Tou 26h 
& Yo stechen  40lo a2 ef ch fia 2b Ree 
ga SVR. 3¢) SRD ee ey = one hnrames | 
beiteet) i .ffhy tii lia Ge (Ste) aywle oan eit alg 
| asia vious" 4! gatiswsdeo) .qisrl bne er 


sO) aioe) Gahkeopae Caliral te wr (Hoer Np tw fing ©, 4 eTiy a 


.. 1c fis 


ein over ! iMorent one mawwil+ic, sel i epnTanes 7 

270480 Ob! meni go . oS 
vebaut. =i webs tetera Snrisiact ~24W -o} ert a a 
ag ant nt Qisr vue .2oteW Sived om y sloogee ore, : 
angen anne 77, fins avetateieel dae asa brs @té 


Table of Contents 


Chapter Page 
EN ROD UCT LON a Atemtuerrcte Shterar: Maneater tires Maint te ee cathe 1 
ie eee HCE OU CE OGG Meree emma hare Raye cece erreur cea tnn, s certs, ho cut vot 3 
Bot AN. TWEE GA RES epee eaten eed Se foc etc eee pe VR ee eR) Tassel tk 3 
Dame COE WAT ON sR OW GG Oaieanern ian ae cscmn met eeunmorers wi aun iaisuee tance ein iy 3 
Cre CE RGORMANCERERODOCOUM ER  eryen = err eedurmortet tn iets fut erred f 
Dele SSUES HANDIAIN Gira enace comneeat ieramaie wnt a etter hate 2 ee 8 
Peo LOCH ENA CATS PROCEDURE Sect zaaar ters anuers min af aeriectacnt tee coeent S) 
MU SCE Cen Ars le N ATeLON geaness me mreer san ceteit sadn cGre licarae rons g 
ROA ar @MOGE NAW ceeaasyr tema eer eg mason Oey es nese te tad 10 
MiccOaaD Bin ULAR coe NUC 1a emt A Gala G)N Bon eee ter ceetincr nate a 10 
MiG CHOND Rina rE hs Cal 1 O Naina ccm gemer st ck, ume d poets 11 
SOUS BES RAC lal ON ste gee. aeterer eee peee Pompe tices ee sea gros a i 
Fee ES Cs alec se IN Aap OLS AVE) CHN me eegp a ecmr entra or ease nie Fe eee oie (e 

G. RADIONUCLIDE COUNTING PROCEDURES AND 
BROWE CN DEE RMI INA GLO Nate sma enna trees 2 cvst aceon hier ess 14 
HeeeACeREMEN TAL PROTUCOLMAND SDATAMANALY SUSt gate a1 is 
Oa N SOL aN eon Ean ort ee, ooe crore toe acs hetero EN ee 18 


AS Rs RED REEUCTINERINCORPORATION INT Gs PROTEIN. 16 
Bee PRANSPERSRNAS Se PROTEINGSYNIHESTSeRELATLONSHIP 40 


Cre LODO OGI CADRE AVA Bi lel sncaeie aa wennrme tent olecane honia a 4{ 
LY ee eo GU Sol CO NGi er tra increments fice itt acs tions aera evege Vaca MaMa dre yes D2 
AN AMS Tila, S) OLS WS OLE a Melia eV e RINE ALAIVE: a hod. os Qilac a ol Gosetrt riewrnens Aptis ae 


ERUEUAREDSLEUGINES INCORPORATION INIOSPROTEEN scr 


@ 


TRANSEERERNAS =a PRO TEENS SY NTBESI SSREEATLONSHLP 265 


\S) 


aR OAT SCTE IK eM EHEC RB) NS, Rese cone ete cle ouch detot yey ont cerceeh tag 68 


Vii 


aera, ee ‘sac shet tested 8 
Py es Shes 3 .. os ATMUG2IRT JAMIN CTA 2d 
ideas: ow, Iaaioage Gaseul = 
La TAMIALDH JATOE 
hes + Tasha ART FASIOU - geo. TRETSOE 
Vicet¥arceocclye) cake, MOTORS? Jo Sen aRSan 
itieawaas. nailed Sn a ota ” ssnage 
Bliss ss tain oad > envy Jat wg 7 + 2 


WA: 2 AUOSOGHE Se THEGD Iho oat ise a 
7 “ti Hy Peery mgt 


Bhi is) 0 os BEAT LAN) STE CMS J00GTERS 207090 PREHAD OP 
Wives sincere cectatbtvetidsywellls. 0 Seal 
Gt. WLANOA OFM, MOLTAROIWGIME BHDDNS CHALTIRT at) 
>. + MiMCMOTTA SEN STC aN Tee, VESFORS -) SOA Sq2MART A 
CCK: gene bate warens vimbe a VP PSG Aah sp 0RACEOT a 
a Pee ee te oe oe eet 
Yo ar 1S. tliaatee zane 


3% 


RIPE RING Boel er er cemnen cheers Or gee ae Ae cae MOR RS ce wick aes Snot cre eo bade on 70 


END ae Ader er iri ener Meme memes SMe ras Loan sete erinastehauaie a i's ome sim te wr ame 82 
ERs VLE We O pe cu eR hUR Bogan tos ea aye adapt ogame. « 62 

SKE GEAR MUSCES FIBER UTY PES: AND. THES NOTLON 
CSP Pees FR USN ING I titer sets ahaa reutee hed ere starr At, eR Cota Shp 82 
PROT EUNSSIURNOVERR OVERLOAD ANDe EXERCISE: <2. ... 84 
APP EN Dili Kia Berita ser meie ar rien trenec So istac rin aun falar soizel wae ore ge iabnae Pyesto a3 
poe BIND es Coe gre acarn ane RR ict perme enact de anise “sheen d fata Soptath pices De ASGs. tice 100 
APPEND DA Daa ptmangta arts crepeec ea tet contig Donate ghRoeh hihi. 0 demecere SS tetas 107 


Vile 


+a 
~~ e 


_ 
ate eee ea es fas 0 4139 


$6 . v= ial’ pes Pees ©) eee ar oe ae are, 
SquTAnaT ty 30 WAIVER 


vOv TOM Dhy GHA 2U9YT Bzei4. Zideve JATIISNe 
a wes es oe eked) Se eee Bee THIMTIUASIA 70 


S27D99%2 Ga GAGLNIVO. .WEaVCHSUT Vi STORS | : 
jp lnrowp dati eee de ARCIAE, 

Te eee idee D RIGS 

RIOWSSSA 


a 


a ae 


é =@6@ 4. 


um. 


hoi MOE STABLES 


UAT Sirens tyre totale cnce Sipe ieee we sey area, eens ARE fet Fae Beat, Page 
ie The ACC LIMNd GlO@nam provocGs ws UhitiIzed Eto bring 
animals from the sprint group to aé_ée criterion 
pula lah ple aut ton (om Pen creda cman ienec, eae ne near atch Gane Mere mean, cee ee 4 
Me The acclimation protocol utilized to bring 
animals from the endurance group to a criterion 
RUN MANG BheVe: lke eens en wes erate ew nce teke osices Ae eae Sena Ee 5 
Els Aerobic (endurance) and anaerobic (sprint) 
experimental groups and post-exercise sacrifice 
times chosen for observation. (SED Cae 
SCdEMLarYacoMmtrol ACG. Cam - acclimated contre. ..6 
te Tritiated leucine incorporation into protein 
(dpm/mg protein) of all fractions for animals of 
the aerobic group sacrificed 24 hours 
DOSITASX EROS Cina: Aap caren ere ER ee ren ns usin sss Geo as 35 
Ve Differences in %H-leucine incorporation into 
protein fractions (dpm/mg _ protein) between 


animals of the sedentary group (SED.C.) and 
those of aerobic’ and anaerobic acclimated 
COMMEO MM UAER ACG 2 ahiG uot © Gemeente actos can ean ees 36 


Mee Distribution (#) of animals showing high and low 
responses in SH heuciIne incorporation into 
protein in the response range identified for 


each’ of the aerobic and anaerobic groups. «..:..5.. oH, 
Velie Analysis of variance table for blood serum 

Sie CUCHMERDOO)Swaltle cual aM lMal Guus arqnecen-: cemcen aed aby a 38 
Vi ebs Relationship between the charging levels of tRNA 


and protein synthesis in the total homogenate 
fraction from soleus muscle of animals from. the 
ASCO I CROROUDEPean ec oer gn nee ie eee Scien ates, ara 42 


LK Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate 
fraction from plantaris muscle of animals’ from 
Phiegia GROOT CeO OUD hxc caer oc Mae ateaemeperm mes cad cates Gnas 43 


1X 


OF « oo 8 5s wort e eh : oe 7 
7 » | ..e ' 7 
grt G! tect t FIN j a ae 

$: a tetas ae boris A Pe ie ro 


au. 6) eerie’ tected eg er 
Lai eof ene op See ues : ua 


Pr 
é THe | (ee 7ecnh ' i ’ tree! otk rea 
asrtiagec Set 4526) 000 bas aap ‘alot ogee 
7 "j ese ‘ss 5Eu% Pa q *secCuts seam J 
' hovir 2 2 Enl jOoo8- ” 7 . 4a 19h we! hebae \ 
Ag @ierig =) on¢ ot - BADG iene > ia. 3] besatie- 
To Bharitc nad pravize!) le rfa. 4 wetaay pe 
e worl : boos) P68 . war > Eo t6e 7 
ab.. @ + . : so S“o7 8- . 
Qa. (Dit ton Was! -" ' esartetet4 'g 
neews ed 1h eR" Sonim! 2hoi poe Pa pcg 
ORE 9.035) Gyoit. Nuadnepes Sti fo i pele - 
Pel eini' oon oO 73466 wie,” Af Gt SO 
>| re ae . i). 24 Soe \) lovin 
x 
won: Gq lA otis wh'me Yo \G' sooty 19te 
rh Y ERO 1 ea ’ *IMO0761 
‘Ss? Epi itigely shns:, senpaes 43 9) Qrazet 
ve. ; ett sedeteerm Ot = tgpeet eft Fe, eee 
mvee ooo y a'ant corBbivew te ebevihenth 
Beats ‘in auras lin-at 2 org entice 6 


-_ *S bene Yorarsrs 0) tegels citlerohysiek. “igh 
halen) of) sledninwe <eletiw 

a Zier ts & stam cvllcs ays nel oes 

ge a bili s te wee e: 8 Ges » ewhl om ’ + AD S (ao rhe 


wea? ALT Ofges.1 gi if fRiaR 
. gph ao Pb ; he 
ite ie ** en erAbbes fx _ 


e a oe 2 see) we 
—_ 


Kole 


EEE: 


Pole 


XV. 


INA 


ANT le 


RN Lee ee 


NI 


XX. 


Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate 
fraction from soleus muscle of animals from the 
anaeChOD LCE CP OUD me cy mevare we cement wctiee A,r on aero Shee 


Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate 
fraction from plantaris muscle of animals from 
Galen Gla cleiere eukey (o(@)O lems fy tok, ae cep heny ote aes ee ee 


Data used to determine t-test relationship 
between double aliquots of protein samples taken 
thom soleus 1 oMmandeolamtdnis \F) Mmusc les. melee. . 


Data used to determine t-test relationship 
between double aliquots of radioactivity samples 
taken from soleus (S) and plantaris (P) muscles. 


Method of calculation of 260:280nm wavelength 
ratio used to identify the peak in the eluted 
Sample Charade lerist ic Of siianster RNA so eee 


Example of the calculation of protein specific 
activity (dpm/mg protein) for animal #2 of the 


SCOCIILARY eCOnlit© mG hr OU mmamen ices enema ast meee snes cea ty 


Serum activity (dpm) measured in a 20ul1 sample 
to blood taken from experimental animals (At, A2 
tl POUC US) Maar weedeat rea ei dN ore te Eke tae 8 


Body weights (g) of experimental animals at time 
Otee Sia Cais. C Cra Ba neet rear ee eben we wn es etn eo Ae accom. 


Muscle weights (mg) for all experimental animals 
COM ae SOeUS ma Lm sniaitate| Sma yr asaisee ta oo ee aera 


Incorporation 5 the radionuclide [ies edie 
3H)-leucine (dpm/mg protein) in all fractions 
(total homogenate - TOT, myofibrillar-nuclear - 
MYO, mitochondrial - MIT, and soluble - SOL) of 
soleus (S) and plantaris (P) muscles’ from 
la hietlco May Uinta: telmelOlslgiOs VeleelW en foe Avec nes aoe tee: 


Incorporation: © Of the radionuclide L-(4,5 


soU 


oe Ce eo 
ries BAT a " 


6 ii gee ea 


nad +2 alavet oot 5 
eiznecnn (stot |e, : ‘ serine Mor rert 


F ~ (entith 26 jt ziapl ge WDA. | 
SG oe a( anriah co _ aeneer” ioe alee 


Aw . z 
OE. hme bw OO se wines * ava * 


i 


ao ol 
Gt bo efevel. gnigiaia en! “veeiet attecatiate® 
‘ a ci +e ¥ = 7 et sugr4 Scives NnisgsOg ioe 7 
; - s ; + 
in hk femias ta 6i sgt 27" eT i wa? i706 : 
Wee sr oo was art 


’ » As 


asnnifte! ey 3éu7- ‘waeleb. cof bene sist 


int S63 ¢ ‘gr ‘nis, I Lis oO wore sic Cae neowied 


y= » fe a > =+ 5 
ioe = fee } “a 4 & } eet f ow f 71% 
C 7 
r i494 ° i ‘1 ia” yf by Sij ajied moet s 
fone oftebpeactvar. Ke nits alow osewisd 
7 stnetreta bie 12) tieifa mor? BAB = 
ra) OM 3 aagitsius'@s Yo teatian 
ari] - mete Y insot | teev OTST 
oy bg i“ 1=3 * =e") \ oa 3 _ 
7 
is * ~ a 
ctr tong uatena Fe opal givotey ed to sl aa 
i sh SAM ene 3 i eis /3 ivi Joe 7 


gt », re vince yosingees : =a 


, 
7 i! % 
iss ct bavoten! (nee? weietios ee 
> i ‘1 B ' Rr? y= 1 1% rene? bool a ay = 7 


.lejouptisg - 


suit 326 thertng letdart iets 36: 'g) aldgtew Yous - LIVA 
SE. ‘ ‘+s f« i* ' ee ‘cee 6 “7! vi "o8¢e "Oo a 


7 ; Siminiag (alent Ls) a i ne ie pA yw al aagn - ii 
GO ce, pW hs ot Rh eset 9 caveind = ly 
. 7 - 7 


7 6 i i 
P 
; S 


fee ne it 
; aiesong, Ph 


aus) fet 
5 


KAD. 


KALI. 


3H)-leucine (dpm/mg protein) in all fractions 
(total homogenate - TOT, myofibrillar-nuclear - 
WiOee mitochondrial = Mile and soluble = SOL). of 
soleus CS) andes plantaris = (Pe). muscles. from 
MMe Milter Whale, Sey sr ane lel elWlein by cacy ome orens veces eae 


Calculation (dpm/mg protein) of the conversion 
factor used to change cpm to dpm. An _ internal 
standard of Known radioactivity was used. Data 
from animal 1 ONE. 60) was used for 
Sta inGl at Cit & WOn |e eee nearer ecu eaten un trae ae ects sam paola: aed 


Sach 1 hice time schedule Tor exper imental 


LVN YS ae ce renee re enh Bee Oy oe) err On ah eon ge | 


1 


Eto @OFSrIGURES 


Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the total homogenate 
fraction of soleus muscle from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O-individual animal data;@-group mean).............. 


Incorporation of the radionuclide from L=(4,5 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of soleus muscle from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O-individual animal data;@-group mean).............. 


Incorporation OF the radionuclide from L-(4,5 
3H)-leucine into protein in the mitochondrial 
fraction of soleus muscle from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O-individual animal data;@-group mean).............. 


Incorporation of the radionuclide from a4e5 
3H)-leucine into protein in the soluble fraction of 
soleus muscle from animals of the endurance’ group 
(SC-sedentary control; AC-acclimated control) 


(O-tmdividia l. dnimal data, @-Group MEGan)i.n 2... 0.6.4. 


Incorporation of the radionuclide from ee Aa 
3H)-leucine into protein in the total homogenate 
fraction of plantaris muscle from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O-individual animal data;@-group mean).............. 


Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of plantaris muscle’ from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O=individdal animal data;:@=gqroup mean). 2. . 2.0.4.5: 


Incorporation of the radionuclide from ara 5 
3H) - leucine into protein in the mitochondrial 


x14 


22 


me Se ve oe | in 
a oD : 

eer uy 
ee oo, ea cee tages ee oT 
eyo . ; - 


is, 


Bs. 


; 7 ; ~ * 
Sti-] «ad ebifoumeiber ss ta fatia noont at 
sisremwaend iele! sdf nt nistow clint sntous oa 
ext? + cs siumi@s fi mO7t sfoeive eusice Fo not ined’ - 


bplandiisus-J& :104%I)71G9 vis fresher - 52) quo eans iwhne : 
(townes 
com qQuetp-@rets> Lenine (eubtv Font-O? : 


arf! qe? qniisumibs edt to nohisvaqioonr 
ngohocim=4al Ciod? tay sid at ofetetq, oiat antoust- they 
Yo efemins mot efoa euetoe ts notiognt 


wien Tave-oA sioaiaeo yistnebeasdJe) quotg sons7wetSs 
(lectnom 
i qlean-@faico { antns fsubtvteak-o} 


~- a9 
2 a3-) moe edhifaurerhet, on +O nor is" oatoonl mye 
r =| nronioolin aft iM #Yezo0g off?  entoug -( He - 
sit Fo. =leatit e4t giozawn eusioa Yo aolforat i 
belemit- 2) font. ~isitehee-O2t quodg sonst 


. fos = oO 
$s We (aes Ree ae ay Se CE lemfns Loubt viene 7 ’ 


a a _ > 
+ i=) repr 7 ari outer =7 | 79 mots oan ie : 
> it ee : 3th mr WPezotg cen arir> sie 
Sows eats it Adi %%s eit if mony afoaum ip 
femifsapet4 tfanfons ve tnebee-deb. 
(nasi Quon: Dilys ob. Loptar ei 


E Bile 3 mont sbrisvunoerser sav 3m. notiseied soon 
sista! Tstot shin’ Abeiatks otnt snii{ouel- 

eri) '> afemine mor | eotrih. 2insinata Yo not aT 

Cetmantigque- 2A ; Ores yinlashas-02) quo" eons wbr: 

(fow oe 

Yor ( Fie qu 4-7 Bh fainter ‘aula ¥ ek Op 


: a 
2) Med. mie St! wuneoites. arit_ 
sae oun sf 1 tadFtoya pat: hinted 


ont Ta — Sones ein zt etn 
boa Fscni FSan.~of wena an ; 


eee 


13; 


fraction of plantaris muscle’ from animals of the 
endurance group (SC-sedentary control; AC-acclimated 
control) 


(O-1ndividual animalodata=@zgroup) mean) 248... J. .2..2.. 


Incorporation of the radionuclide from ete 
3H)-leucine into protein in the soluble fraction of 
plantaris muscle from animals of the endurance group 
(SC-sedentary control; AC-acclimated control) 


(O-individual animal data;@-group mean).............. 


Incorporation of the radionuclide from lee aeS 
3H)-leucine into protein in the total homogenate 
fraction of soleus muscle from animals of the sprint 
roup (SC-sedentary control; AC-acclimated control) 


A-individual animal data; 4-group mean).............. 


Incorporation of the radionuclide from raat 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of soleus muscle from animals of the sprint 
group (SC-sedentary control; AC-acclimated control) 


(ASindividual®animal data: A~group mean) 2.28.0... 048. 


Incorporation of the radionuclide from L-(4,5 
3H) - leucine into protein in the mitochondrial 
fraction of soleus muscle from animals of the sprint 
roup (SC-sedentary control; AC-acclimated control) 


A-individual animal data;a-Group meam)....2. «- 4.0... 


Incorporation of the radionuclide from once eo 
3H)-leucine into protein in the soluble fraction of 
soleus muscle from animals of the sprint group 
(SC-sedentary control; AC-acclimated control) 


(A-andavidual anima tedata, A-Oroup Medal) «.2. 06. «ee. 


Incorporation of the radionuclide TrOMeumt aa yo 
3H)-leucine into protein in_ the total homogenate 
fraction of plantaris muscle from animals of _ the 
sprint group (SC-sedentary control; AC-acclimated 
control) 


(O-individual animal data;™-group mean).............. 


Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of plantaris muscle from animals of the 
sprint group (SC-sedentary control; AC-acclimated 
control 
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Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the mitochondrial 
fraction of plantaris muscle’ from animals of the 
sprint group (SC-sedentary control; AC-acclimated 
control 


(G=4individual animal edata M-group meaninn.. +. cme oe 54 


Incorporation of the radionuclide from (ian Ges A 
3H)-leucine into protein in the soluble fraction of 
plantaris muscle from animals of the sprint group 
(SC-sedentary control; AC-acclimated control) 


(Bsindividualeanimal data; ™-oroup mean) .1..4.0e.0..... 


Hypothesized distribution pattern of endurance 
acclimated animals pes peaks in 3H- leucine 
incorporation into protein. --- individual animal 


CVLUEU GESTas) ys samen Pe acre eae 2 ER a ae eels erence 


Sample chromatograph of eluted RNA used to 
distinguish tRNA peak. (flow rate - 20.0 cm/h; 
wavelength - 254nm; buffer - 0.1M sodium phosphate 
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I. INTRODUCTION 

It is generally accepted that mammalian skeletal muscle 
contains two major classes of fiber types which can be 
histochemically distinguished on the basis of differences in 
myofibrillar ATPase activity (Dubowitz and Pearse, 1960; 
Edstrom and Nystrom, 1969; Gollnick et a]., 1972a, 1972b). 
Further differentiation of these two basic skeletal muscle 
fiber types into oxidative and non-oxidative categories has 
been achieved as a result of their response to staining 
procedures designed to demonstrate oxidative potential (NADH 
Tetrazolium Reductase activity - Novikoff et a]., 1961). As 
a result, the nomenclature proposed by Peter and co-workers 
(1972) has gained popularity and is routinely utilized to 
AiStinguisnm fibers 1m diimalsmeasm rast-alycolyticem (-G i), 
Fast -Oxidative-Glycolytic (FOG), or Slow-Oxidative (SO). In 
addition, electromyographic evidence from single motor units 
(Henneman and Olson, 1965; Grimby and Hannerz, 1968; Tanji 
and Kato, 1973) as well as studies of glycogen depletion 
patterns in animals and man (Armstrong et a/., 1974, 1975; 
Edgerton and Simpson, 1969; Piehl, 1974) substantiate the 
existence of certain muscle fiber pools which have different 
metabolic, structural and functional characteristics. fhese 
pools may be preferentially recruited to best meet the work 
demands. (Hannerz and Grimby, 1973). 

It is well documented that as a result of physical 
training (chronic exercise stress), skeletal muscle is 


capable of adapting to different physiological demands by 
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change has been demonstrated in contractile elements as a 

PeSsuiit Of) Sprint | types of ‘work “(myofibrillar protein - 

Gordon et a/]., 1967; Jaweed et a/., 1974) and in enzyme 

activity in intermediary metabolism as a result of endurance 

types of work (Barnard et a]., 1970, 1971; Holloszy et al., 

1973, 1975a, 1975b). However, even though these long term 

adaptive responses in skeletal muscle are relatively well 

Known, virtually no information exists concerning the acute 

mechanisms involved in these adaptive responses. 

As these demonstrated changes in muscle fibers’ involve 
nucleic acids and proteins, the purposes of this study were 
as follows: 
= To determine the acute effects of sprint and endurance 

exercise on protein synthesis in whole muscle 
homogenate, myofibrillar-nuclear, mitochondrial, and 
soluble fractions of soleus and plantaris muscles as 
measured by the incorporation into protein of the 
nadtonuelide, ©-(4)5) 3H) leucine: 

e To determine the possible role of transfer RNA (tRNA) in 
the protein synthetic response as measured by _ the 
Specific activity of 1-(4,5 #H)-leucyl-tRNA isolated 
from the soleus and plantaris muscles and, 

= to examine the time-course (0 to 72 hours post-exercise) 
over which the acute protein synthetic response to 


sprint or endurance exercise stress occurs. 
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II. METHODOLOGY 


A. ANIMAL CARE 

Seventy male Wistar rats were obtained at approximately 
Five weeks of age (100 - 125g) from the Charles River farms 
in Newfield, N.u. (LAI=COX(WI), origin - National Institute 
of Health Colonies). The animals were housed in pairs’ in 
self-cleaning cages in an air conditioned room at 22°C and 
the day/night cycle was adjusted to maintain the lighted 
period from 6pm to 6am for the remainder of the experiment. 
The rats were fed a regular diet of Purina Rat Chow (23% 
crude protein) and given water ad /ibitum. All animals were 
handled, food and water were repienished and soiled papers 
changed daily. The cages were washed and sterilized and the 
rats weighed weekly. After six days of orientation to the 
laboratory, all animals were subjectively screened _ for 
treadmill running ability during the first two days of the 
treadmill acclimation period. Of the 70 animals obtained, 54 
were judged able to perform the running task. These animals 
were then randomly assigned to either a control, sprint, or 


endurance acclimated groups. 


B. ACCLIMATION PROTOCOL 

All exercises were performed on a pre-calibrated 
motor-driven rodent treadmill (Quinton MDL 2A) which was 
divided into ten compartments (9.5 cm wide and 48.0 cm long) 


with a shock grid at the back of each. Acclimation was 
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Table I. The acclimation protocol utilized to bring animals 


from the sprint group to a criterion running level. 


Acclimation Day Bout Speed(m/min) Grade(%) Duration(10:20s) 


1 am 10 Q 38min 
1 pm 15) 0 3min 
2 am 20 S 3min 
2 pm 20 5 3min 
3 am 20 5) 6 
3 pm 20 2) 6 
4 am 40 5 8 
4 pm 50 3) 8 
5 am 50 10 10 
5 pm a0) 10 12 
6 am 60 10 12 
6 pm 60 10 2 
il am 70 10 16 
7 pm 70 10 16 
8 am 80 10 16 
8 pm 80 10 20 
9 am 90 10 20 
x) pm 90 10 20 
10 am 930 10 24 
10 pm 90 10 24 


We.) 3 an 
a i © a : 
etomtna yer} eh casio ti on 8 
‘Tevel oniorien eof aiiaa: 6 oF nic 


qo cake 


e 


bye (i AtnVinibeege: Tuct vel not Yn 


res 


- 
‘fool 


=~ eee oe = ww -o = = oe -_—— 2 & oe 


Table II. The acclimation protocol utilized to bring animals 


from the endurance group to a criterion running level. 


Acclimation Day Bout Speed(m/min) Grade(%) Duration(min) 


1 am 10 @) 3 
1 pm eS 0 3 
2 am 20 5 3 
2 pm 20 5) 3 
3 am 20 S 4 
3 pm 20 5) 4 
4 am 30 5 é 
4 pm 30 5 3) 
5 am 30 10 6 
S) pm 30 10 6 
6 am 30 10 7 
6 pm 30 10 7 
7 am 30 10 8 
WT pm 30 10 8 
8 am 30 10 9 
8 pm 30 10 9 
9 am 30 10 10 
g pm 30 10 10 
10 am 30 10 12 
10 pm 30 10 12 
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Table III. Aerobic (endurance) and anaerobic (sprint) 
experimental groups and post-exercise sacrifice times 
chosen for observation. (SED.C. - sedentary control; 


ACC.C. - acclimated control) 


SACRIFICES TINE BLHRS) 
SEDSCA ACCOR Gr 0 S224 aCope ee s60s a2 


EXERCISE Sh 
TREATMENT 


* - Number of Animals per Cell 
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performed at approximately 9:00 hours and 14:00 hours, four 
days per week (jeé. Mon., Tues., Thurs., and Fri.). 

The acclimation schedule for the animals assigned to 
thes sprint group is*outlined in Table 1. his waccelimation 
procedure was designed to progressively load the animals 
until they were able to complete 24 repetitions of 10:20s 
(work:rest) at 90 m/min and 10% grade. 

The acclimation schedule for the animals assigned to 
the endurance group is outlined in Table II. This procedure 
was designed to progressively load the animals until they 
were capable of performing work of a continuous nature at a 
speed of 30 m/min and a grade of 10% for twelve minutes. 

Following the final session of the acclimation period, 
the animals received a 72 hour rest after which they were 
subjected to an exercise bout according to the protocol 


described in the following section. 


C. PERFORMANCE PROTOCOL 

Following the acclimation period, the animals from each 
of the treatment groups (jé. control, sprint and endurance 
acclimated) were randomly assigned to each group as outlined 
Theekeab ler iil: 

The animals of the sprint acclimated group performed 
work at the speed, grade, and work:rest ratio as in_ the 
acclimation period. However, the repetions were increased to 
60 and the exercise was completed on each of two consecutive 


days (24 hours between sessions). 
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The animals of the endurance acclimated group ran at 
the same speed and grade as in the acclimation period but 
the duration was increased to 30 minutes and the exercise 
was completed on each of two days as outlined above. In this 
way, the distance covered by the animals of both exercise 
groups was equal. 

Following the performance exercise bouts, animals from 
the 12 to 72 hour sacrifice groups were returned to their 
cages until their scheduled sacrifice times and were allowed 


access to food and water ad /ibitum. 


D. TISSUE HANDLING 

At selected times following the completion of their 
final performance bouts (Table III) the animals were 
sacrificed by decapitation (small animal guillotine), 
exsanguinated and a sample of approximately 5.0 ml of whole 
blood was collected for separation of plasma by 
centrifugation (clinical centrifuge - Fischer Scientific 
Co.) and subsequent radioactive counting as outlined in the 
section ‘Radionuclide Counting Procedures’. Ten minutes 
prior to their respective sacrifice times, all animals 
received an intravenous injection (saphenous vein) of L-(4,5 
Hialeucinesi2o [eTeper Bi00saGe body WETOh Umm Gy oe 
GBq/mmole leucine - obtained from Amersham Corp.)}) in a 
physiological saline solution. The muscles’ from these 
animals were used to determine labelled leucine 


incorporation into protein fractions and leucy1-tRNA 
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specific activity. Since the processing of the tissue 
required 5 minutes (pilot work), a ten minute pre-sacrifice 
injection time was chosen so that the duration of in vivo 
incorporation of the labelled amino acid was 15 minutes from 
the time of injection to the time of tissue processing. 
After exsanguination, the right and left soleus’ and 
plantaris muscles were quickly isolated, excised and trimmed 
of visible connective tissue and fat. The muscles of _ the 
left legs were then weighed, quick frozen in isopentane 
pre-chilledrin liquid na (regen, wand» storedveat P=70°C win 
pre-cooled containers until later analysis for leucyl-tRNA 
specific activity could be performed. The muscles of the 
right legs were placed in a pre-cooled petri dish and bathed 
Wutheamice cold (4 CC) physiological Saline solution” ‘prior 
to immediate processing for leucine incorporation into 


protein. 


E. BIOCHEMICAL PROCEDURES 

MUSCLE FRACTIONATION 

The right leg soleus and plantaris muscles were then 
blotted, weighed and placed in a chilled homogenation 
solutdon consisting of 0.32 M°sucrose, 1070 mM Teucine and 
5.0 mM EDTA (pH 7.4) to a volume of 3.0 m1/100 mg wet weight 
muscle. Each muscle was then minced with chilled = scissors 
and homogenized in a Polytron homogenizer (Brinkman Comp. ) 
by one 5-second burst at a rheostat setting of 5 to yield an 


even suspension. 
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TOTAL HOMOGENATE 

To 0.5 ml of the homogenate, 0.1 ml of 10% sodium 
dodecy! sulphate (SDS) was added and left to dissolve for 10 
min at room temperature. The proteins in each fraction were 
then precipitated by addition OF ci 6) Min =O 207% 
Lpveileracet ic acid (1CA)R collected bys cemtrifugaiion for 
(OSemineeat  WO000T xeNG in) aleclinicaltcentri fudge wt ischen 
Scientific Co.) and washed and re-centrifuged 3 times with 
SSO eM Ohemd S10 cam CAG Wash Contaimingees|.020smvisleucine: 
Following the final centrifugation, the remaining pellet was 
dissolved (36°C) in 0.5 ml of 1 N NaOH, diluted by an equal 
volume of distilled water, and aliquots were taken in 
duplicate for protein determination and radioactive 
coun Ging: 
MYOFIBRILLAR - NUCLEAR FRACTION 

The remaining homogenate was centrifuged in a 
refrigerated high speed centrifuge (Ivan Sorval model RC2B 
Withhahee ode enoLtorve ateaes00m@ ce ge atone: (0° minutes. The 
supernatant was decanted and collected for isolation of the 
mitochondrial and soluble fractions and the remaining pellet 
was re-suspended in homogenation buffer to the same volume 
asthe: Original. Prom this suspension, Se Ol mit sor solution 
was transferred to another tube and re-centrifuged at 2500 x 
g for 10 minutes. The supernatant was decanted and discarded 
and the remaining pellet was washed and centrifuged twice 
with the same volume of homogenation solution. Following the 


final centrifugation, the remaining pellet was dissolved 
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(36°C) in 0.5 ml of 1 N NaOH, diluted by an equal volume of 
distilled water and aliquots were taken in duplicate’ for 
protein determination and radioactive counting. 
MITOCHONDRIAL FRACTION 

The initial supernatant from the myofibrillar-nuclear 
preparation was transferred to 15 ml Corex tubes and 
centrifuged at 12,000 x g for 15 minutes. The supernatant 
was decanted and collected as the soluble fraction. The 
remaining pellet was washed (washes were discarded) and 
re-centrifuged three times with 5.0 ml of a 10% TCA wash 
containing 10.0 mM leucine. After the final centrifugation, 
the remaining pellet was dissolved (36°C) in 0.2 ml of 1 N 
NaOH, diluted with an equal volume of distilled water and 
aliquots were taken in duplicate for protein determination 
and radioactive counting. 
SOLUBLE FRACTION 

To the supernatant from the mitochondrial preparation 
was added 10% SDS, to a final concentration of 0.54, for 10 
min at room temperature. To this solution, 100%(w/v) TCA was 
added to a final concentration of 20 % and the sample left 
to stand on ice for 15 minutes. Those proteins which were 
precititated by TCA were isolated by centrifugation in a 
Climicalmecentrutuge esate 10000RxX 40° Store 1 Osminites gandetie 
remaining pellet was washed and re-centrifuged three times 
Withee ss.0oeml. of ~a 104 ICA wash containing 10°mM wleucine: 
After the final centrifugation the remaining pellet was 
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equal volume of distilled water and aliquots were taken in 
duplicate for protein determination and radioactive 


counting. 


PeeeeEUGY Par tRNA ESOLATION 

Soleus and plantaris muscles from the left legs were 
removed from the freezer (-70°C) and crushed in liquid 
nitrogen by means of a mortar and pestle. The powdered 
muscle was then transferred to a 15.0 ml Corex tube and 
mixed, using a Teflon. stirring rod, with 10 volumes of a 
homogenation buffer containing 0.09 M sodium acetate, 1.0% 
heparin and 1.0% SDS (pH 5.1). After 5 minutes at room 
temperature the homogenate was centrifuged at 15,000 x g for 
15 min in a refrigerated high speed centrifuge (Ivan Sorval 
model RC2B with an HB4 rotor), the supernatant collected 
into another tube and the precipitate discarded. 

Isolation of nucleic acids was performed using the 
phenol-sodium acetate mixture described by Allen et al. 
(1969), with the following modifications. Phenol was added 
(2 x volume) to the supernatant and the mixture was well 
agitated (Vortex) and left to stand for 10 min at room 
temperature. The solution was mixed again at the end of the 
10 min period and an equal volume of chloroform was added to 
the phenol. After further mixing, the solution was 
centrifuged at 15,000 x g for 5 min and the bottom layer was 
drawn off by Pasteur pipet, discarded and an equal volume of 


chloroform was added to the top layer. The solution was 
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again mixed and centrifuged at 15,000 x g for 5 min and the 
wash step with chloroform was repeated. Following the final 
wash, the top layer was carefully removed and transferred to 
a 12.0 ml conical tube where 2 volumes of ice cold ethanol 
were added and left to stand in the freezer (-20°C) for 48 
hours. The extracted RNA was then collected by 
centrifugation atesos 000m xe so efortri0) amintites gandesthe 
precipitate in ethanol was dissolved in 0.2 ml of a_ mixture 
containing 2.5 M NaCl and 20% Na acetate (pH 5.1), and the 
resulting solution left in the cold (4°C) until isolation of 
tRNA by column chromatography using a modification of the 
system of Martin et al]. (1977).In place of the Sephadex G100 
used by Martin et al. (1977), a Sephacryl] 200 Ultrafine 
(Pharmacia Fine Chemicals - Sweden) resin bed was previously 
equilibrated with 0.1 M sodium phosphate buffer (pH 7.0) and 
the sample of RNA was eluted with the same medium. A_ sample 
chromatograph of the RNA extracted from skeletal muscle is 
presented in Appendix B (figure 18), as is an example of the 
specific activity calculation for tRNA (Appendix B, Table 
MIViiy Themeltuent was collected)sin as traction collector 
(Fisher Scientific Co.) and the absorbance measured (Zeiss 
Spectrophotometer model M 4 Q III) to determine the ratio of 
absorbance at 260 / 280nm. The radioactivity of each 
fraction in the tRNA peak absorbance range was assessed by 
the same procedure as described for the protein associated 
tritiated activity. The relative specific activity of tRNA 


was expressed as disintegrations per minute (dpm) / optical 
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density (OD) unit at a wavelength of 260nm. 


G. RADIONUCLIDE COUNTING PROCEDURES AND 
PROTEIN DETERMINATION 

Aliquots were taken in duplicate for the determination 
of 14> 5 3H) leticine specific activity and counted im) 22.0 
ml borosilicate disposible scintillation vials in a Beckman 
ES 200m iGguid scinti | lation=counter. 

In order to determine circulating levels of the 
radionuclide, 20 pl aliquots of serum were counted with 10.0 
ml of a scintillation cocktail (Aquaso] II - New’ England 
Nuclear Corp.) and 0.75 ml of distilled water. Results were 
expressed as total disintegrations per minute (dpm/20 pl 
volume) . 

In order to assess protein associated tritiated 
aGhivetys,. J.c ml aliquots “of the dassolved = \protein. “trom 
total homogenate and myofibrillar-nuclear fractions and 0.1 
ml aliquots from mitochondrial and soluble fractions were 
counted with 10.0 ml of Agquaso/] II and 0.75 ml of distilled 
water. The results were expressed as specific activity 
(S7A WW) inedom /sng or protein inveach sample. 

In order to measure leucyl-tRNA associated tritiated 
activity, 1.0 ml of eluted RNA from the chromatographic 
separation described previously was counted with 10.0 ml of 
Aquaso] II. Results were expressed as specific activity in 
dpm / optical density (OD) unit at a wavelength of 260nm. 


Counting efficiency was established using an internal 
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standard technique (Appendix D, Table XXI1) and verified 
using the external standard ratio. 

Protein determinations were made in duplicate using a 
modified Biuret technique (Appendix D) and bovine serum 


albumin (Sigma Chemical Corp.) as a standard. 


H. EXPERIMENTAL PROTOCOL AND DATA ANALYSIS 

The experimental treatment of the seventeen groups of 
animals used is described in Table III. 

Animals designated as sedentary controls (SED.C.) 
performed no required daily exercise. 

Animals in aerobic and anaerobic acclimated groups were 
trained under endurance (AE.ACC.) and sprint (AN.ACC.) 
acclimation programs respectively, but, were sacrificed 
without having received any acute experimental exercise 
treatment. 

Animals in aerobic and anaerobic groups (AE. and AN. 0, 
12, 247536548) 60 and ’72%hours) were sacmificed at 12 hour 
intervals following an acute bout of either endurance (AE. ) 
or sprint (AN.) treadmill] running. 

Animals received an intravenous injection of L-(4,5 
3H)-leucine 10 minutes prior to sacrifice at which time 
soleus and plantaris muscles were removed, homogenized, and 
fractionated by the differential centrifugation techniques 
previous ly descr ibed to yield total homogenate(TOT), 
myofibrillar-nuclear (MYO), mitochondrial(MIT), and 


soluble(SOL) fractions. 
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Since the main purpose of this study was to determine 
the acute effects of sprint or endurance exercise on protein 
metabolism in skeletal muscle, the protein synthesis and 
leucyl-tRNA metabolism data were graphed to identify any 
trends or tendencies. Initially, the Chi Square test of 
Bartlett for Homogeneity of Variance (Winer, 1962) was 
applied to the protein synthesis data and where no 
difference in variance was shown, a Two-Way Analysis of 
Variance (ANOVA) Fixed Effect Mode 1 with unequa | 
observations per cell (D.E.R.S. ANOV25 Program) was used to 
compare main effects (A, B) and interaction (AB) of the data 
from each fraction. The main effects referred to are: 

Factor A - Exercise Treatment (Aerobic, Anaerobic) 

PaclOimion soe slime Mrs (Ce0, Gr ACC. Gn sand Omni oma 
36, 48, 60 and 72 hours after the final exercise). Post Hoc 
procedures, ie necessary, involved Scheffé’ s multiple 
comparisons of main effects (1959). 

Sion it wcant differences for all Statistical 
applications in this study, unless otherwise specified, were 
accepted at an alpha Jlevel where Ps0.05 (P is the 
probability that no differences exist between means). 

In an attempt to check reliability of methodological 
technique with respect to protein determinations and 
radionuclide counting, a t-test (Ferguson, 1966) was applied 
to the results (protein concentration and radioactivity) 
obtained from duplicate samples of the same fraction of 


muscle taken from five randomly selected animals. An _ alpha 
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level where PS0.05 was used. 

Finally, in order to ascertain whether or not any 
differences existed in blood #2H-leucine pools in animals 
from each group, a Two-Way ANOVA Fixed Effect Model with 
unequal observations per cell was also applied to the serum 
madioacuivity data (dpm/20u1 serum). Again, an alpha level 


where ps0.05 was used. 
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eRe SULA 
The descriptive and statistical results are presented under 
three general headings: 1) Tritiated Leucine Incorporation 
IntOm Protein, 2) lranster RNA = Protein Synthesis 
Relationship, and 3) Methodological Reliability. 
Individual data are summarized in tabular and graphic 
form, and pertinent data for all experimental animals is 


presented in Tables XIX and XX, Appendix C. 


A. TRITIATED LEUCINE INCORPORATION INTO PROTEIN 

In figures 1 through 16, the amount of 3H-leucine 
incorporated into protein was plotted against the time 
elapsed after the acute, two-day exercise protocol and for 
the sedentary control and acclimated animals. In_ these 
figures, the %H-leucine incorporation was expressed as 
relative specific activity (S.A.) in dpm / mg of protein. 

As listed in Table IV, the incorporation was measured 
in the proteins of whole muscle homogenate as well as in 
myofibrillar-nuclear, mitochondrial, and soluble fractions. 

BICuresetechroughs 16 Indica ventind @tne he latiVesoaAwe as 
markedly elevated in some animals’ which were sacrificed 
hours after completion of the exercise. Although the 
increase was not consistent in all animals sacrificed at a 
specific time, it generally ‘occurred im a ‘specific time 
range after exercise. Whenever the increased incorporation 
was observed in one fraction, similar changes occur in other 
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Figure 1. Incorporation of the radionuclide from L-(4,5 
aH) leucine “intowmprotein in the total homogenate 
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Bae of soleus muscle from animals of the endurance 
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O-individual animal data;@-group mean) 
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Figure 2. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of soleus muscle from animals of the endurance 
group (SC-sedentary control; AC-acclimated control) 
(O-individual animal data;@-group mean) 


24 


SPECIFIC ACTIVITY 
300 | DPM / mg PROTEIN 


280k 
260 
240k 


180 


See come ner ron Gee ec Gee 
“Mle TH 


Figure 3. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the mitochondrial fraction 
of soleus muscle from animals of the endurance group 
(SC-sedentary control; AC-acclimated control) 
(O-individual animal data;@-group mean) 
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Figure 4. Incorporation of the radionuclide from L-(4,5 
JH leucine Imto protetin sin “ther ssolublie traction ot 
soleus muscle from animals of the endurance group 
(SC-sedentary control; AC-acclimated control) 
(O-individual animal data;@-group mean) 
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Figure 5. Incorporation of the radionuclide from L-(4,5 
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sHi/=leucine into protein itn” the ~ ytotal homogenate 
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3H)-leucine into protein in- the myofibrillar-nuclear 


fraction of plantaris muscle from animals of 
endurance group (SC-sedentary control; AC-accl 
control) 

(O-individual animal data;®-group mean) 


b=4e5 
the 
imated 


25 


SPECIFIC ACTIVITY 
DPM/mg PROTEIN 


45k 
ao 
35k 
30k 


25 k 


Figure 7. [Incorporation of the ‘radionuclide from L=-(4,5 
3H)-leucine into protein in the mitochondrial fraction 
of plantaris muscle from animals of the endurance group 
($C-sedentary control; AC-acclimated control) 
(O-individual animal data;@-group mean) 
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Figure 8. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the soluble fraction of 
plantaris muscle from animals of the endurance group 
(SC-sedentany control; AC-acclimated: control) 

(O- individual animal data;@-group mean) 
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Figure 9. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the total homogenate 
fraction of soleus muscle’ from animals of the sprint 
group (SC-sedentary control; AC-acclimated control) 
(A-individual animal data; 4-group mean) 


28 


SPECIFIC ACTIVITY 
200 DPM / mg PROTEIN 


180K. 
160 
140K4 
120 
100K+ 
4 A 
80 
x A 
A 
60K 
x A 
AO) a aes 
A A 
20K a 
a A 
SCraC UO) 612 —124usG ae4b oO 72 


TIME hrs 


Figure 10. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the myofibrillar-nuclear 
fraction of soleus muscle’ from animals of the sprint 
group (SC-sedentary control; AC-acclimated control) 
(A-individual animal data; a-group mean) 
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Figure 11. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the mitochondrial fraction 
Of Ssoleus smuscle® trom “animals sof =the ssprint group 
(SC-sedentary control; AC-acclimated control) 
(A-individual animal data;4-group mean) 
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Figure 12. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the soluble fraction of 
soleus muscle from animals “of “they sprint «group 
(SC-sedentary control; AC-acclimated control) 
(A-individual animal data; 4-group mean) 
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Fagure. 13.) Incorporation of the radironuciide from b-i475 
3H)-leucine into protein in the _ total homogenate 
fraction of plantaris muscle from animals of the sprint 
group (SC-sedentary control; AC-acclimated control) 
(O-individual animal data;™-group mean) 
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Figure 14. Incorporation of the radionuclide from L-(4,5 
aH) leucine into sprotein) in the: myotibridlar=nuctlear 
fraction sof plantaris muscle from animals of the sprint 

roup (SC-sedentary control; AC-acclimated control) 
O-individual animal data;™-group mean) 
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Figure 15. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the mitochondrial fraction 
Offa plantanises muscle trom) <dnimdals Orethessprint group 
WSG-cedentary controls AC=acc | imaledconine)) 
(Q-individual animal data;m™-group mean) 
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Figure 16. Incorporation of the radionuclide from L-(4,5 
3H)-leucine into protein in the soluble fraction of 


plantaris muscle from 
(SC-sedentary control; 


animals of the sprint group 
AC-acclimated control) 
(O-individual animal data;®-group mean) 
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Table V. Differences in 3H-leucine incorporation into 
protein fractions (dpm/mg_ protein) between animals of 
the sedentary group (SED.C.) and those of aerobic and 


anaerobic acclimated control (AE.ACC. and AN.ACC.). 


Group Muscle Animal # Toa) MYO MIT SOB 
SED. © S 1 17079 8672 7454 6120 
2 12080 3283 2397 7143 
3 11422 4046 1934 Syilite 
Mean ESO 5334 S920 612s 
p 1 oD 6936 3499 Sishey0) 
2 Zone 5707 2106 4107 
2) 10318 4710 1646 2965 
Mean 11928 5784 2417 3474 
NEG INGE 1S 1 2276 2054 1987 3309 
2 Pare el 1497 3458 
. 2418 2109 SW Sees) 
Mean 2300 1887 1480 3388 
p 1 1745 1643 o2 1943 
2 2022 1891 2648 
3 1896 1628 4000 2234 
Mean 1888 25 2158 22/5 
BNA CC 2m =o 1 20697 12584 19549 34059 
2 2904 123 1995 4949 
é 1803 by 2360 
Mean 8468 BZ 21 VOee2 13789 
P 1 22529 16747 le152 32614 
2 2654 2129 2083 3020 
5 30 976 1486 


Mean S14 6617 7316 12607 
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Table VI. Distribution (#) of animals showing high and _ low 
responses in sh leuicine™ ancornporation into protein: in 
the response range identified for each of the aerobic 


and anaerobic groups. 


# High # Low *% High * 
Muscle response response response 
Aerobic 
Response Range S 4 5) 44 
i222 4hies | p 4 5 44 
Anaerobic 
Response Range S if 4 64 
(74 Somes: p 6 5 S)) 
* - Number of animals which showed elevated °H- leucine 


responses expressed as a percentage of the total number of 
responses in that group. Data represent only those responses 
seen in the time ranges specified. 
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Table VII. Analysis of variance table for blood serum 


3H-leucine pools in all animals. 


ANALYSIS OF VARIANCE TABLE 
SOURCERSUMEORSSQUARESHD? Fe eMEANCSQUARES FeRATI@ PROBABIEITY 
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Furthermore, the °H-leucine incorporation pattern observed 
in either the plantaris or soleus muscles. in the ‘same 
animals followed a similar trend, although the magnitude of 
response between the two was quite different (Table IV). 

Thev level of =H-leucine incorporation into protein 
following acute exercise (figures 1 through 16) suggests 
that the sprint and endurance exercise differentially affect 
the %H-leucine incorporation into muscle proteins. The 
elevated *H-leucine uptake after the endurance exercise 
treatment occurred during the period from 12 to 36 hours 
post-exercise (figures 1 through 8). On the other hand, 
following sprint exercise, the response was bimodal with 
elevations at 0 time and again between 24 and 48 hours 
(figures 9 through 16), although there are some exceptions 
(see Table XxX). 

There was a difference in the amount of %H-leucine 
incorporated into protein between SED.C. and exercise 
acclimated animals (Table V). When the average 3H- leucine 
incorporation into proteins of total homogenate of muscles 
from SED.C. animals are compared to those from AE.ACC. 
animals, there is a six-fold decrease in incorporation of 
3H- leucine in acclimated animals. The Shi Teucine 
incorporation into protein of AN.ACC. animals, when compared 
COMM tia Oh ee GEL NC ean inidls, wcllCawnOtem Show eas megreat md 
difference (Table V). 
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3H-leucine incorporation returns to control levels. 
Following endurance exercise, the %H-leucine incorporation 
into protein returned to pre-exercise levels in all animals 
within 48 hours (figures 1 through 8). On the other hand, 
following sprint exercise, #H-leucine incorporation returned 
to pre-exercise levels within 60 hours (figures 9 through 
16). The percentage of animals which demonstrated high 
levels of %H-leucine incorporation into protein appears to 
be greater in the sprint group (soleus - 64%, plantaris - 
55%) than in the endurance group (soleus - 44%, plantaris - 
44%) (Table V1). 

The validity of the Analysis of Variance test is 
dependent upon a number of assumptions, the first of which 
is related to the homogeneity of variance of the data being 
tested. As the Chi Square test for Homogeneity of Variance 
applied to the %H-leucine incorporation data showed 
significant heterogeneity of variance, the Analysis of 
Variance test was judged not suitable and hence will not be 


presented. 


B. TRANSFER RNA - PROTEIN SYNTHESIS RELATIONSHIP 

Since at is’ ‘Known that) the first. step of I Vivo 
protein synthesis is the aminoacylation of transfer RNA, an 
attempt was made to measure the level of #H-leucyl]-tRNA in 
soleus and plantaris muscles as a function of time after 
exercise. Comparison of the skeletal muscle tRNA and leucine 


incorporation data suggests a reciprocal relationship 
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between tRNA (S.A. in dpm/OD 260nm) and protein synthesis 
(represented by the S.A. in dpm/mg protein in the TOT 
fraction) in skeletal muscle(Tables VIII through XI). When 
the willevel smeof @2H> leucine bound to ~tRNA ware ‘high, the 
relative amount of %H-leucine incorporation into protein is 
low. This is represented by a high ratio of tRNA:Protein 
specific activity. On the other hand, when = 3H-Jleucine 
incorporation Into protein is high, the amount of 
radio-labelled leucine bound to the tRNA molecule is 
relatively low yielding a low ratio of tRNA:Protein specific 
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C. METHODOLOGICAL RELIABILITY 

The t-test data for protein determinations and 
radionuclide counting are presented in Tables XII and XIII 
respectively. T-test values and probabilities reveal that no 
differences existed between the double aliquots taken for 
both protein determinations and radionuclide counting. 

Analysis of Variance on serum radioactivity data (Table 
VII) shows that no difference existed between blood 
3H-leucine pools in all animals of different experimental 


groups. 


_ a 7 


es 


oe furnace is 
i SS: 


pelosi Wy sate bstaen 1 
ea st atin HO ; 
ait agli se ot an. or 
af ‘himro 4 Osai + | a 
TietoviaMar Yo rata ie sat apoat 
anbayet-Me Snéng isnen Vests ar 40 eben of 
te tues GAY. vagid af dtaieng: owe 
es} oRjucelom AVA) ort ati toenesditt 
s/tisege oreiaad: Aner Sret4 4 wor eee ie wor 4 


a Wty 


YT LINGALA it 
bad. ctotisrimisisk alstonug.. Wal -bte® | Seated 
1i7% bee 114 eatdel nip belpeearg aon BAT anee shtts 
4n4tsai ‘saved sail li idsdoaq boasdnisy, teats! owl 
10? tewns atapetts) =fddckh pit  crewisd, bate tae 

or inves sbf pune tis) S68 2001 140 LISTS6 HF 
aidsT) slsb-ytivitosotie. inee FO eseRninsY +o, akan 
oot deswied ofjiefre  ebaaigtths on fate aware 


lathaot spare tWiete??‘® to elaming (1s ah sieou oniousl-m 7 


- 


42 


Table VIII. Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate fraction 


from soleus muscle of animals from the aerobic group. 


GROUP POST=EXER. SANIMAL CRNASS A> 101. ROMOG. SoA. SRATIG 
SACRIFICE # dpm/OD 260 dpm/mg PROTEIN tRNA:Pr 
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Table IX. Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate fraction 


from plantaris muscle of animals from the aerobic group. 


GROUP “POST SEXER ANIMAD tRNAVS TA TUT HOMOG. S.A. RATIC 
SACK EPICE # dpm/OD 260 dpm/mg PROTEIN tRNA:Pr 
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of tRNA 


and protein synthesis in the total homogenate fraction 


from soleus muscle of animals from the anaerobic group. 


GROUP POST-EXER. ANIMAL tRNA S2A: 


SACRIFICE # 
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Table X (cont'd)... Relationship between the charging levels 
of tRNA and protein synthesis in the total homogenate 
Fraction from soleus muscle of animals from the 


anaerobic group. 


GROUP POST-BAER. ANIMAL ERNA SwA. TOD. HOMOG: S.A. “RATIC 
SACRE LCE #  dpm/OD 260 dpm/mg PROTEIN tRNA:Pr 
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Table XI. Relationship between the charging levels of tRNA 
and protein synthesis in the total homogenate fraction 
from plantaris muscle of animals’ from the anaerobic 


group. 


GROUP POST=EAER. ANIMALSTRNAGS, A. TO1.HOMOG) STA: “RATIO 
SACRIFICE # dpm/OD 260 dpm/mg PROTEIN tRNA:Pr 
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SEDC - 3 86560 10318 B20 
AN. O hr 1 jo3o2 1829 10.60 
AN. Oh aye 2 46663 1451 325,10 
AN. [ple 1 216835 2089 ORES 5 stl 
AN. (2enr 2 43686 EU” eUmoo 
AN. 12) Ar 3 96330 2010 47.83 
AN 24 hr 1 49291 67093 (Pee she) 
AN 24 hr 2 143454 1497 heaters 
AN 24 hr 2 16343 ome loan 
AN 48 hr 1 13004 3009 4.32 
AN 48 hr 2 85494 3520 24.25 
AN 48 hr “ oy Ohe 19284 Simo 
AN 18) Lae 1 250097 2403 106.41 
AN 0) inte 2 114321 ZA Sanod, 
AN 60 hr 3 2/0970 2741 98.86 
AN. j2enr 1 116989 2502 46.76 
AN. Pe Vai 2 1835.0 1934 94.89 
AN (2 ae S 140424 906 154.99 


| eae . - 

Rad aealll 7 - ee x 
ena an 
it at: ehentinys ntede igre 
siaswycus off m4? o* ea BB; te ei neun apratiote mon 


we 


sh f %o 2i aval wT “gist 


Aer roel =J sniapenen tgted. 


i > 
4.2 .G@NQH, TOT JA 2 BART) JOMIMA .ASXS-TEOS S reid 


MO cai@gle PBS. AD\agh §  soLdmnone” 
-—— - ~ = -_—— —=— aetna aaae -_ 
49,0: a os904: . 
: .gLG 5 > 
|e 4a F - 
bt use" See at E “i g 


ae? Le . wi 0 , WA 


ani» ; ae : id St, « MA 
eG. ‘ ¢ wel of WA 
a F ST Mi 
>P 73 2 By ; an oS 
5 — 7o3) b@o,2 ’ 5 aa ec WA 
re 7 SER 4 at hE 
¢ pale eonet t ae BS 

é ae¢ agS78 . wi Bb LWA 
er.6 a8$* Storet 4 wee WA 


Gait 
= 
‘a 

~ 
Ge 
vv 
“ 
[ oe a) 
ee 
own 
—— 
Pe 
™ ee 


47 


Table XI (cont’d)... Relationship between the charging 
levels of tRNA and protein synthesis 1n the total 
homogenate fraction from plantaris muscle of animals 


from the anaerobic group. 


GROUPS POsi EXER SSANINALS CRNA SS=AR= 107 snOMNOGr SS. AeA EO 
SACRIFICE # dpm/OD 260 dpm/mg PROTEIN tRNA:Pr 
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Table XII. Data used to determine t-test relationship 
between double aliquots of protein samples taken’ from 


soleus (S) and plantaris (P) muscles. 


GROUP ANIMAL# MUSCLE FRACTION ACLOUCT 1 ALTQUGT =2 


OD260 OD260 

SED JG » S TOT 206 210 
MYO 665 573 

MIT 089 Dy 
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Table» XII (cont’d).:. Data’ used ito determine t-test 
relationship between double aliquots of protein samples 


taken from soleus (S) and plantaris (P) muscles. 


GROUP ANIMAL# MUSCLE FRACTION AGLOUGIE a FAELOURT = 2 


OD260 OD260 
AND fz 2 S LOT 179 185 
MYO . 396 380 
MIT e254 245 
SEE ae 178 
p TOT .206 208 
MYO S/ 30 
MIT . 166 167 
SOL {ESS 247 
Means = .234 232 
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Table XIII. Data used to determine t-test relationship 
between double aliquots of radioactivity samples taken 


from soleus (S) and plantaris (P) muscles. 


GROUP ANIMAL# MUSCLE FRACTION ALIQUOT 1 ALIQUOT 2 


cpm cpm 
SED. o 2 5 Las 2614 3326 
MYO Sei | 3765 

MIT DED) 308 

SOL 378 499 

p TOT 2966 3142 

MYO 3502 3514 
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MYO 1015 Opes 
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P TOT S52 Bye | 
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AN. 0 8 5 ey 28338 29314 
MYO 48980 46300 

MIT 2718 2687 

SOL 12763 a7 25 

p TO} 3491 3495 

MYO ieishe 6) (Sg 

MIT 1286 1255 

SOE 5950 6053 

AE 24 1 S TOT BOS 41540 
MYO 82500 80600 

MIT 11450 11876 

SUL 1514:86 aoa 

P Os 9364 9043 

MYO Hoocs 16808 

MIT 1610 ater 


at 


iE c j 
fad a8 TO 9 
120 r 0 
OF} 7g Ff TT 
ass Ee sca 
i ¢ om 4 : a 
a apy oi 
a Sa v 
aah fate tee 
. c i) oy q ’ 
arret Leer gilt : 
A281 aect r itd 
Ee0e ugee ige 


Oil 


labile exilim ( cont'd)... Data used) §to determine t-test 
relationship between double aliquots of radioactivity 


samples taken from soleus (S) and plantaris (P) muscles. 
GROUP ss ANINAI: saMUSCEE Ss FRAGIION, AZlOUCTHIEVALIOUOR 2 


cpm cpm 
ANRe he 2 S TOT 602 620 
MYO 823 874 

MIT 140 150 

SOL 275 286 

Pp TOT 606 593 

MYO 814 83 1 

MIT 134 139 

SOL 347 O26 

Mean = 7966 1.955 


Column 1 2 
Row 1 0-0 Ore t2 
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Degrees of Freedom = 39 


Probabilities of T for Differences between Means 
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IV. DISCUSSION 
The discussion which follows will be presented in four 
sections: 1) Methodological Reliability, 2 ) Tritiated 
Leucine Incorporation into Protein, 3) Transfer RNA - 
Protein Synthesis Relationship, and 4) Practical 


Implications. 


A. METHODOLOGICAL RELIABILITY 

The %H-leucine incorporation and 3H-leucy1-tRNA data 
presented in figures 1 through 16 and Tables VIII through 
XI, respectively, suggest differences in the responses of 
soleus and plantaris muscles to sprint or endurance’ work. 
These differences are statistically shown by the significant 
Chi Square (for Homogeneity of Variance) obtained from 
3H- leucine incorporation data. 

It is important to describe at the outset of the 
discussion the steps taken to ensure that the observed 
differences in data were not due to errors in methodological 
technique, but to the variable biological response of each 
animal to the imposed exercise load. 

The comparison by t-test between the indepently 
processed duplicate samples taken from each fraction of both 
muscles showed no difference (Tables XII and XIII). This 
would indicate that these analytical techniques were 
reliable and were not the cause of the changes in the 


radioactive labelling of proteins and tRNA. 
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Also, the Analysis of Variance of the serum 
radioactivity data (Table VII) showed no difference in serum 
tritium activity between the different experimental groups. 
This would suggest that the 3H-leucine pool was constant 
between groups and variations in precursor pool were not 
responsible FOr the differences seen in the protein 
labelling data. 

As well, the sacrifice schedule (Table XXII, Appendix 
D) shows that the time of sacrifice for each animal within 
the same group occurred at different times of day, Je. rats 
were not sacrificed at any particular time of their daily 
cycle. There was no relationship between the time of day (or 
night) when an animal was sacrificed and the 3H- leucine 
tncorporations tnto®-different |firactions , of soleus and 
plantaris muscle. fhus,, she Ppossibuinty withat diurnat 
variation was the cause of the variability in °3H-1leucine 
incorporation into protein is remote. 

Lastly, the general pattern in the observed changes 
occurred in a specific time range following the different 
exercise greatments (cr. AEs. 12a to 36 hrss AN e-eat OStime 
and from 24 to 48 hrs). Since the sacrifice was random, it 
is unlikely that the order of sacrifice was the cause of the 
measured differences in the data. 

As discussed above, the observations that the 
3H-leucine incorporation is increased during a specific 
period of time supports the hypothesis that the demonstrated 


differences in °H-leucine incorporation into protein was not 
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Figure 17. Hypothesized distribution pattern of endurance 
acclimated animals showing peaks in Anim [REVU ier) ate: 
1HECOrDOFaLiOnN Into “protein: -- individual animal 
pattern) 
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a result of methodological error, and that individual 
biological differences among animals must, in some way, 
account for the pattern of responses seen as a result of the 
two types of acute exercise. Although the physical intensity 
of the exercise bouts imposed on these animals can be 
calculated, the relative physiological stress of such work 
Onveacn animale 1ssa1tticulteto quantify. Even if the work ds 
of equal intensity, a difference in relative stress may 
effect responses which vary both qualitatively and/or 
quantitatively in any system within different animals. If 
one assumes that a stress of significant magnitude imposed 
on a certain muscle causes some altered biochemical state - 
in particular pertaining to protein metabolism - then each 
individual animal would reflect such an altered state in 
terms of accelerated protein turnover (as observed in 
3H- leucine incorporation). However , because of the 
physiological individuality evident in each animal, how 
rapidly the sign of stress appears in muscle may not be 
synchronous in all animals. Though it might be an over 
simplification, each animal may respond to the stress as 
depicted by the broken lines in Fig. 17. 

Other alternatives which might explain the measured 
differences in response patterns between animals include: 1) 
the consideration that the work done on the performance days 
was stressful for some animals and not for others. Hence, 
only those animals which were stressed showed elevated 


3H-leucine responses, 2) the consideration that the work 
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performed was stressful enough in some animals’ to suppress 
3H-leucine uptake during the times chosen for observation, 
and 3) the possibility that in those animals which showed no 
elevated responses in 3H-leucine uptake, changes in protein 
turnover were accomplished by decreasing the degradation of 
protein and not by altering synthesis. 

ie as hypothesized, individual animal response 
patterns in 3H-leucine incorporation do occur within such a 
range of post-exercise sacrifice times (cf. AE. - 12 to 36 
hrs; AN. - bimodally with elevations at 0 time and again 
between 24 and 48 hrs), the sample times assigned to each 
animal may not represent elevated response’ times fon 
different animals within those groups. Thus, if an animal 
whose individual response pattern shows a peak at 36 hours 
was randomly assigned to the 12 hour sacrifice group, the 
measured response in that animal at the 12 hour’ sacrifice 
time could be decreased. It is possible that animals which 
showed an elevated °H-leucine response at a specific 
post-exercise time where change was seen, represent those 
animals which show an elevated response time which coincides 
with the sacrifice time (eg. Animal 24 #1,2 soleus muscle - 
Table XIX). On the other hand, animals which show low levels 
Or 3H-leucine incorporation into protein at the same 
sacrifice time (eg. Animal 24 #3 soleus muscle - Table XIX) 
could represent those animals which demonstrate a peak in 
3H-leucine incorporation into protein which could have 


occurred either prior to or following the sacrifice time in 
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question. If we examine the group means calculated for the 
3H- leucine incorporation data an elevated mean is seen at 24 
hours following endurance work (Table XIX, appendix C) and 
36 hours following sprint work (Table XX, Appendix C). 

It is of interest to note that following spint exercise 
the elevated response occurred prior to (je. 0 time) and 
again at 36 hours when compared to the endurance exercise. 
though no specific ‘reason for this can be offered, itis 
possible that the intermittant high-intensity nature of the 
exercise elicits the bimodal response. 

Because of the dearth of information available on 
protein synthesis following acute exercise and the 
methodological differences that exist between the few which 
are published and the present investigation, a comparison 
with related investigations is difficult. 

In the present’ study, rats, after having performed a 
treadmill running acclimation program, were required to 
perform an experimental exercise bout (either sprint or 
endurance) on two consecutive days. Soleus and plantaris 
muscles were sampled prior to exercise, and at 12 hour 
intervals from 0 to 72 hours following the last exercise 
session. Ten minutes prior to sacrifice, L-(4,5 %H)-leucine 
was administered by intravenous injection at a dosage of 
25uCi/ 100g body weight. In vivo incorporation of #H- leucine 
into proteins and the level of aminoacylation of leucine 
onto tRNA were measured. 


In contrast, Dohm and co-workers (1977a, 1977b, 1978) 
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Studied protein metabolism in response to chronic exercise 
in which rats were trained from 6 to 12 weeks on an 
endurance type OF treadmi 11 running program. The 
gastrocnemius muscle was examined and ‘14C-leucine was. the 
radio-labelled amino acid used. They studied in vivo and in 
vitro models, administering '4C-leucine at maximum dosages 
of 15uCi/100g and 0.2uCi/100g, respectively. The animals 
were sacriticed from 1 to S hours post-injection: “In their 
report, no information was given regarding the time elapsed 
since the last exercise session. Levels of 14C-leucine 
incorporation into protein fractions in these studies are 
lower by one order of magnitude (349 + 22 dpm/mg protein in 
total homogenate fraction of soleus muscle from an untrained 
animal), when compared to the levels measured in the present 
investigation. It is possible that the type and duration of 
work performed, the tissue preparation, the dose and method 
of label administration, the duration of in vivo 
incorporation, and the time elapsed since the last exercise 
session could account for the differences’ in magnitude 
observed in both situations. 


Beecher et a] (1979) also used chronically trained male 


facts The animals were sacrificed 1 hour’ following 
intravenous administration of (alpha - ‘'4C)-aminoisobutyric 
acid (1. 0uC1/100g) . Gastrocnemius muscle was chosen and the 


authors gave no information regarding the elapsed time after 


the last exercise session. 


Rogers and colleagues (1979), on the other hand, used 
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mature untrained guinea pigs to. study protein synthesis 
following a single run to exhaustion on a motor. driven 
treadmill at a slow speed and a low intensity characteristic 
of endurance work. The animals were sacrificed 1 hour 
fol lowing the exhaustive run and tissue slices’ from 
gastrocnemius and soleus muscles were incubated in a medium 
containing 0.05mCi of %H-leucine for a period of between 0.5 
and 1.5 hours. The specific activities of proteins, RNA, 
polysomes, microsomes, and the total homogenate fraction of 
tissue slices were measured. A representative value of the 
level of %H-leucine in the total homogenate fraction of 
control soleus tissues from the study conducted by Rogers et 
al. is 16,300 + 650 cpm. This 3H-leucine result would appear 
FOmLOVETerR.) Significant lye throm those oF, the present 
investigation (2000-3000 dpm/mg protein). The type of 
animal, the duration of the training sessions, the 
exhaustive nature of the work bouts, the in vitro method of 
3H-leucine incubation, the tissue preparation, and the’ time 
Of sacrifice post exercise could all contribute to these 
observed differences. 

McManus and co-workers (1975) also used guinea pigs 
trained on an endurance program over a period of 5 weeks. 
The experimental design included castration, testosterone 
replacement, and normal gonadal function treatments. The 
animals were sacrificed 18 hours following their last run on 
the treadmill. Four hours prior to sacrifice, all animals 


received, by intravenous injection, L-(4,5 3H)-leucine at a 
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dosage of 5uCi/100g. Protein content of plantaris muscle was 
determined and labelled amino acid incorporation was 
expressed as cpm/mg wet muscle weight. The ten-fold higher 
results of the present investigation as compared to that of 
McManus et a/J (21.0 + 2.0 cpm/mg tissue) could be attributed 
to the differences between the animals used, the length of 
the training programs, the method of label administration, 
the duration of label incubation, the dosage of label used, 
and/or the time elapsed since the last exercise session. 
Finally, Wenger et a] (in press) reported the results 
of our previous study in which rats were acclimated to one 
of either sprint or endurance protocols on a motor. driven 
rodent treadmill. Animals were sacrificed before exercise 
and at 0, 2, 18, 24, or 48 hours’ post-exercise. Slices of 
red and white vastus lateralis muscles were incubated in a 
medium containing 10pCi /m1 of L-(4,5 3H)-leucine, and _ the 
incorporation of the radionuclide was measured (dpm/mg 
protein) in the whole homogenate and in four subcellular 
fractions. The experimental work bout was performed on only 
1 day and was equal in distance to the two-day protocol 
outlined in the present study. The results observed in our 
earlier study range from one to two orders of magnitude less 
than those measured during the present investigation. The 
different results seen between these two studies would 
likely be due to the different performance protocols used, 
thei Vivo, avS aifnaevicro  ancubation techniques == ory some 


combination of these two factors. 
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In summary, in studying the effects of exercise on 
muscle protein metabolism, there are a number of 
experimental variables such as: 

- sampling time relative to the last exercise session 
(Bostrom et al], 1974; present study); 

= the duration of in vivo incorporation of the 
radio-labelled amino acid prior to sacrifice (Martin eft 
etm Oya 

= species of experimental animals (guinea pigs, 
rats)(Burleigh, 1974); 

- muscle tissues (gastrocnemius, soleus, plantaris, red and 
white vastus lateralis); 

- incubation media and methods of I/n Vivo and in vitro 
incorporation (Zak et al., 1979); and 

- the type, intensity of exercise, and total amount of work 
imposed on the experimental animals 

which “could “contribute” to ‘the-differences= in thesresults 


reported in the various investigations. 


B. TRITIATED LEUCINE INCORPORATION INTO PROTEIN 

The data from both soleus and plantaris muscles’ from 
all animals (figures 1 through 16) andicate that changes in 
the incorporation of 3H-leucine into protein in the four 
fractions of skeletal muscle (TOT, MYO, MIT, and SOL) 
occurred at the same time and in the same direction (Table 
IV). This would suggest that the different fractions of 


skeletal muscle do not respond independently of one another, 
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but are modified in concert. In this study, the 3%H-leucine 
incorporation into protein was terminated within 15 minutes. 
Duringe the Pfirst 10 to le min. after 3H- leucine 
incorporation, the amount of labelled proteins degraded is 
lescathany \0S1o5/ .300Mor thestotalmlabell lediproteinee|1tathe 
halt iter Ores protein Se. asstimed ‘tor be: Suhours = inetact. 
half-lives of most proteins are in the order of days. (Note: 
there are some proteins such as membrane components and 
neurotransmitter receptors that turnover in minutes, but 
they constitute a very small proportion of the fractions 
studied.) Thus, the incorporation measured in this” study, 
can be regarded as an_ indication of the rate of protein 
synthesis (Zak et al]l., 1979). The elevated protein synthetic 
activity appears to be a general response in both skeletal 
muscles examined (although the heart muscle does not show a 
similar pattern (Table IV)). However, specific protein 
fractions have been shown to differ in metabolic responses 
as a result of various acute exercise stimuli (Wenger eft al, 
in press; McManus et a], 1975) or chronic training regimens 
(Dohmemete ailmel HO 77aslet97 Ce Ho lloszy 9197 547 BalldwineeGral., 
LO MemSiodineet aljweo76; meGoldbergyar i d/o ger aweed ser tae 
1974: Gordon, 1967). Discrepancy between the results of this 
and other studies cannot be explained by available 
information, but lack of statistical significance may be 
directly related to the small number of animals per group. 
thes Six-fold decrease in the incorporation of 


3H-leucine into the total homogenate fraction of muscles 
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from AES ACG. animals (soleus - 2358 dpm/mg protein; 
plantaris - 1888) when compared to the SED.C. animals 
(soleus - 13527; plantaris - 11928), indicates that the 


aerobic acclimation modifies the incorporation rate of 
3H-leucine into protein, and hence, the protein synthetic 
activity in skeletal muscle. When the average 3H-leucine 
incorporation into protein of SED.C. animals is compared to 
those of AN.ACC. animals (soleus - 8468; plantaris - 8771), 
the difference does not appear to be as great (Table V). If, 
however, the individual values of %H-leucine incorporation 
of the AN.ACC. group presented in Table V are considered, it 
becomes apparent that the response of the number 1 animal in 
that group (ie. AN.ACC. #1) substantially inflates the group 
mean. The reason for the unusually elevated ?H-leucine 
imMeorpordation “im this’ animal “1s 9 net P clear” ‘but will be 
discussed in a later section. If the individual data for the 
remaining two animals of that group are _ considered, 
independent of the elevated response of the AN.ACC. 1 
animal, the range of values in 3H-leucine incorporation into 
protein is similar to that shown in animals of the AE.ACC. 
group. Thus, it would appear that, in general, exercise 
acclimation protocols such as those presented in this study, 
whether they are of sprint or endurance nature, are capable 
of depressing the rate of protein synthetic activity in 
skeletal muscle. Alterations in protein turnover rates 
suggested from evidence of increased protein catabolism as a 


result of endurance training presented by Dohm et al 
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(1977a), as well as evidence of increased synthesis of 
certain enzymes (Cytochrome C - Booth and Holloszy (1975)) 
and increased RNAase activity following endurance training 
(Szcezesna-Kazzmarek et al] (1978)), would tend to support 
these findings (at least with respect to the AE.ACC. group). 

The consistent response times range from 12 to 36 hours 
for the endurance group and the dual responses at 0 hours 
and 24 to 48 hours for the sprint group. As the distance 
covered by both groups was equal, either the interval vs. 
continuous nature of the work performed, the intensity of 
the exercise, or some combination of these two factors would 
seem to be responsible for both the differences in the 
response patterns and the time frames. 

The apparent key role which intensity plays in 
modifying the 3H- leucine incorporation is further 
underscored by the finding that the elevated incorporation 
is more likely to occur in the sprint group than following 
endurance exercise (Table VI). It is possible that the 
trigger mechanism(s) responsible for Signalling the 
ingtiationser the wprotein Ssyntheties processmminwe skeletal 
muscle is stimulated to a greater extent by the higher 
intensity sprint work. 

Finally, the time when the rate of protein’ synthesis 
returns to pre-exercise levels differs between the endurance 
and sprint groups. Following the acute endurance exercise, 
the 3H-leucine incorporation into protein returned to 


pre-exercise control values within 48 hours post exercise. 
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Following the acute sprint exercise, the protein synthetic 
activity had returned to pre-exercise control values within 
60 hours in all animals. This difference in the time where 
pre-exercise levels are re-established following sprint or 
endurance work has implications for training and will be 
discussed further in the section which deals with the 


Dractica lrimolications ofethis study. 


C. TRANSFER RNA - PROTEIN SYNTHESIS RELATIONSHIP 

The data for the tRNA labelling by 3H-leucine and 
3H- leucine incorporation into protein indicates that tRNA is 
modified in the post-exercise response of muscle protein 
metabolism. 

When the levels of 3H-leucine incorporation into 
protein are elevated, the levels of %H-leucyl-tRNA are 
relatively low (Tables VIII to XI), indicating that 
aminoacylation of tRNA is not rate limiting in the sequence 
of reactions of protein synthesis. Another explanation for 
the observed relationship between tRNA and protein synthesis 
pre-supposes a stimulated increase in tRNA turnover in some 
animals during the observed post-exercise response ranges. 
This increased turnover may be partially responsible for the 
observed increases in protein synthetic activity in those 
animals. When the level of #H-leucyl-tRNA is high, the 
incorporation of 3H-leucine into protein is low. This would 
suggest that a greater proportion of the radio- labelled 


amino acids remain bound to the tRNA molecule (an increased 
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charging level of tRNA associated with a decrease in 
turnover rate) and have not been made available to the 
polyribosomal protein synthetic apparatus. On the other 
hand, when the level of 3H-leucyl-tRNA is low, the level of 
3H- leucine incorporated into new protein is high. This could 
reflect an increase in the turnover rate of leucyl-tRNA 
where a greater proportion of tritiated amino acids are made 
available to the protein synthetic system, and resultant 
increases in the levels of 3H-leucine incorporated into 
protein are seen. 

It is outlined elsewhere in this report (p.83) that the 
the synthesis of protein is dependent upon the interactions 
of RNA and DNA. As there now is some evidence suggesting 
that tRNA does play a role and can be modified in_ the 
protein metabolic response to acute exercise, the question 
arises as to the role that mRNA and rRNA might play in 
shaping this adaptive response. The results of this study, 
because of changes in the level of aminoacylation of tRNA, 
wou 1d indicate that the trigger mechanism(s) which 
initiate(s) an increased activity in the sequence of events 
leading to the formation of new protein, is operating at, or 
prior to, the level of translation. Whether or not. the 
transcription of the coded message locked into the DNA 
structure, the translocation of the newly formed mRNA from 
the nucleus of the cell to the cytoplasm, the binding of the 
mRNA polymers to the ribosomal protein, or the translation 


of the message carried by mRNA (involving the aminoacy lated 
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tRNA) are affected, is still unknown. Further investigation 

is required to elucidate the subcellular mechanisms involved 

in the protein metabolic adaptation to exercise. Once this 

has been achieved, we may better understand how to modify 

the training stimulus in order to achieve a desired training 

adaptation. 

In summary, it can be concluded as follows; 

= The protein synthetic response as a result of acute 
exercise shows a pattern where elevated 3H-leucine 
incorporation into protein is seen from 12 to 36 hours 
following endurance work and at both 0 time and between 
24 and 48 hours following sprint work. The cause of the 
different responses between endurance and sprint 
exercise is unknown. Furthermore, all fractions appear 
to respond in the same manner and pre-exercise 
3H-leucine incorporation into protein levels are 
re-established within 48 hours’ following endurance 
exercise and within 60 hours following sprint work. 

< The changes in protein synthesis in response to exercise 
may not follow the same’ time course in all animals. 
Although the physical intensity of the exercise bout can 
be calculated, the effective stress on each animal is 
Githicult tomquamtitycelhis relative Intensityacould. be 
responsible for the differences seen in the time-course 
of response of animals to a specific exercise stimulus. 

- Finally, leucyl-tRNA levels are modified in response to 


exercise. This would indicate that part of the mechanism 
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by which the training effect is built in response to 
exercise overload may involve modification of the 


translation step in protein synthesis. 


D. PRACTICAL IMPLICATIONS 

The data suggest that not all animals respond in the 
same manner to a set exercise stimulus. This observation 
underscores the already wel] recognized need for 
individuality in training programs. Because the individual 
response to an exercise type and load may be different, 
there must be some attempt made to evaluate’ individual 
response patterns. Further investigation into the protein 
metabolic response following acute exercise may eventually 
elucidate the mechanism responsible for the sequence of 
events which lead to adaptation of the training effect. When 
this is achieved, the training stimulus may be manipulated 
and monitored more effectively on an ongoing basis. 

Elevated °H-leucine incorporation into protein was 
evident 12 to 36 hours following endurance exercise and at 
both 0 time and between 24 and 48 hours’ following sprint 
exercise. The implications of these findings lie, not in the 
specific response times themselves (because of species 
differences, results found in the rat do not necessarily 
reflect that response which would be seen in the human), but 
in the fact that differences are seen in the response of 
muscle metabolism to sprint or endurance exercise. It 


appears that “thes high “intensity “intermittent “exercise 
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results ina greater percentage of elevated responses and a 
bimodal response pattern when compared to endurance 
exercise. Associated with these findings are the times 
following exercise where the #H-leucine incorporation into 
protein returns to pre-exercise levels (j€. endurance - 
within 48h; sprint - within 60h). These data suggest the 
need for greater recovery time following high intensity 
intermittent sprint work than following endurance exercise. 
The exercise schedule out lined in the present 
investigation involved work of a sprint or endurance nature 
on each of two consecutive days. How protein metabolism 
responds in ae situation where’ two exercise sessions are 
performed on the same day, or exercise sessions of differing 
intensity and duration are performed on three consecutive 
days...or on four, as yet is to be determined. Whether an 
opportunity has been given for the training effect to be 
built prior to an additional stress being imposed on those 
systems is still unknown. These are just several of the 
issues which must be dealt with before the full implications 
of the effect of different types and amounts of exercise on 


protein metabolism in skeletal muscle can be realized. 
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APPENDIX A 


Ee REVIEW OF EI TERATURE 

SKELETAL MUSCLE FIBER TYPES AND THE NOTION OF 
RECRUITMENT 

As myofibrillar ATPase activity has been shown to be 
closely related to contractile speed (Barany et a/., 1965), 
the two major fiber type categories histochemically 
distinguished on this basis can be designated as consisting 
of either slow-twitch (low levels of myofibrillar ATPase 
activity) or fast-twitch (high levels of myofibrillar ATPase 
activity) fibers (Golimick eo a@l., 1972a, 1972b- “Barnard et 
ube 1971). Because of the metabolic and contractile 
characteristics of these two pools of muscle fibers, the 
terms slow-twitch and slow-oxidative (SQ) are often used 
synonymous ly , as are the terms fast-twitch and 
fast -Gtycolytic  .\rG).,, Abthough) this = specific. two. Tiber 
profile has been shown to exist in human skeletal muscle, 
much experimental evidence supports the fact that other 
mammalian skeletal muscle (prosimian, rat, mouse, etc.) is 
composed of a third distinct muscle fiber type (Edgerton and 
Simpson. 1000. Armstrongeel ala, 1904.9 /> Khan wet ala, 
1974; Gillespie et a/., 1974) which has been termed 
fast-oxidative-glycolytic (FOG). These fibers show both high 
levels of myofibrillar ATPase activity (Burke and Edgerton, 
1975) as well as heavy staining for oxidative enzyme 


potential (Peter et al., 1972). This particular fiber type 
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Classification system (SO, FG, FOG) was proposed by Peter 
and co-workers (1972). 

Thus it would appear that mammalian skeletal muscle is 
composed of fibers which are characterized by differences in 
contractile, metabolic and functional parameters (reviewed 
by Close, 1972). This distinction between fast-twitch and 
slow-twitch fibers with differing enzymatic and structural 
characteristics forms the basis of the idea or concept of 
motor unit (jé. specific fiber) recruitment. 

Furthermore, the findings of Henneman and Olson (1965), 
Grimby and Hannerz (1968), Hannerz (1974) and Tanji and Kato 
(1973) with electromyographic recordings of single motor 
units would seem to indicate the presence of metabolically 
and characteristically different muscle fiber pools’ which 
can be selectively called into play in the performance of a 
particular type and intensity of work, and, in part, seem to 
be regulated by higher center input (Hannerz and Grimby, 
OTS ie 

Histochemical evidence (in particular, analysis of 
glycogen depletion patterns) also suggests that the 
mechanism postulated by Henneman and Olson (1965) exists 
where, at low to moderate stimulation intensity 9 and 
frequency, those fibers with the smallest motorneurons (SO, 
FOG) seem to be predominantly recruited, and where those 
fibers with the largest motorneuron size (FG) are called 
into play only “at the higher intensities of stimulation: 


Support for this hypothesis comes from other authors who 
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have shown that the effect of exercise on the glycogen store 
is dependent on the work load employed (Hultman et a/., 
tiie saltinwand’ Karlsson; 1974) and’ from) the: analysis: of 
glycogen depletion patterns in exercising rats (Armstrong et 
al., 1974, 1975; Edgerton and Simpson, 1969), prosimians 
(Gillespie et a]., 1974), guinea pigs (Edgerton and Simpson, 
1969), and humans (Piehl, 1974; Edgerton et a/., 1975; 
Golmimickset vale 19/7 Ssan 197sb eet o( 4a" 619745 Costa ll eet rains 
19Goe 
PROTEIN TURNOVER, OVERLOAD AND EXERCISE 

The mechanisms involved in the synthesis of protein are 
well understood and have been shown to be dependent upon the 
interactions of the nucleic acids, DNA and RNA _ (Lehninger, 
1970). Thus, the transcription and translation of the coded 
messages locked into the DNA structure are achieved by such 
enzymes as RNA polymerase and the actions of messenger, 
transfer and ribosomal RNA. These processes result in the 
synthesis of proteins (either structural of enzymatic) by 
means of peptide bond formation and the addition of amino 
acid residues to the newly manufactured protein (Lehninger, 
1970). The metabolism of protein, however, must not. be 
considered solely in terms of synthesis, but instead as a 
shifting balance between the processes of synthesis and 
degradation (Young, 1970; Burleigh, 1974; Millward et a/., 
(970a, 1970b, 1975). During the process*or growth, a shift 
in. this balance exists towards the synthesis of new protein 


(Millward et a]., 1975; Srivastava and Chardhary, 1969; 
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TOUMG Maeno yO SaeBUT ergs ame! Oi4eeanc oe stn effect, muscle 
hypertrophy and increased metabolic function has been shown 
to be accompanied by a net gain in protein synthesis (Young, 
TOWOF, 1974). Likewise, in a review by Goldberg and 
co-workers (1975), increases in muscle weights, DNA, RNA, 
protein content and turnover, fiber areas and amino acid 
uptake were demonstrated in skeletal muscle as a result of 
compensatory adaptation (induced by tenotomy of the Achilles 
tendon). In this situation, the synergist muscles, soleus 
and plantaris, must assume the work load normally handled by 
the gastrocnemius muscle. Whether or not the changes induced 
in response to this protocol reflect an increased protein 
synthesis, a decreased protein degradation ele some 
combination of these two factors is equivocal. Despite the 
question as to how physiological this situation might be, it 
has been suggested that it is the increased tension 
deve lopment which is the critical event in initiating this 
compensatory hypertrophy (Goldberg, 1975). 

Shifts in the protein metabolic balance have also been 
demonstrated as a result of physical exercise and_ training 
(Gordon et al., 1967a, 1967b; Hubbard et a/., 1974; Jaweed 
etealy e974" Dohmet ala, 197 /ay “197 7b) Aseethes neural 
recruitment of specific muscle fibers dictates the speed at 
which the whole muscle will contract (Barany, 1967; Close, 
ic72 eetheweslibstratesmn Uaewil1eUSem i baldwitvetmc law (913: 
Pernow et al., 1971) and the enzymatic pathways it will 


employ to supply the required energy to do_ the work 
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(Edingtomeenmal: ©1973; Holioszy ef-al., 197830 4975a, 1975b: 
Noleser tal sedi jee ut. can beesaid that? thes physical. work 
capacity of an organism or group of muscles may be dependent 
upon it’s contractile protein (myosin-actin) and its ability 
to produce the energy needed for that contraction. Evidence 
from physical training studies does support this notion of 
protein adaptation in working muscle (Helander, 1961; Gordon 
Curae G6la,aiGo7b: Holiloszy Gf aj.. 1978, 91975a,  1975b0 
and Maxwell and his co-workers (1971) hypothesized that this 
phenomenon of selective adaptation in muscle reflected the 
specific recruitment of those fibers (in this particular 
study, with respect to endurance training). 

However, the evidence relating to the specificity of 
protein adaptation as a result of certain types of training 
is somewhat controversial. Helander (1961), with endurance 
trained guinea pigs (4 months on a= running program), 
demonstrated an increase in myofibrillar protein in the 
exercised animals as compared to their unexercised controls. 
However, Hubbard et a/. (1974), again with endurance 
training, showed a non-selective change of sarcoplasmic, 
myofibrillar and stromal proteins. On the other hand, the 
opposite training effects were demonstrated by Gordon et al. 
(1967a) and Jaweed et a]. (1974) with endurance running = and 
swimming programs. Here, increases in sarcoplasmic proteins 
(mitochondrial proteins) and decreases in myofibrillar 
proteins (contractile proteins) were seen in rat quadriceps 


and gastrocnemius muscles. These findings have been 
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substantiated by others (Yakovlev et a/., 1963). As well, 
Gordon et al. (1967b) and Jaweed et a]. (1974), using rats 
trained by weight lifting, have demonstrated selective 
increases in myofibrillar proteins with little change in 
sarcoplasmic components. This increase in myofibrillar 
protein was also associated with selective hypertrophy of FG 
fibers (those presumably recruited) but not of SO or FOG 
fibers (Gordon et al]., 1967b). 

Similarly, Gordon and co-workers GIS67a) ae wich 
endurance training, showed no net change in whole muscle 
size but demonstrated an increase in the fiber areas of the 
red (SO,FOG) fiber types. Faulkner et al]. (1971) and Maxwell 
et al. (1973), studying guinea pigs, discovered an increase 
in the mean area of SO fibers in soleus muscles along with 
hypertrophy of all three fiber types in plantaris, and an 
increased proportion of red to white muscle fibers’ in 
plantaris muscles after an endurance training period. In 
effect, fiber composition alterations in selected muscles 


have been demonstrated with both endurance (Edgerton et al., 


1973: Barnard et a/]., 1970; Faulkner et a/., 1971; Maxwell 
Ghiral ee 1971 A9%eeSyrovy el ale, 1972 erWi Ikhinsonm ef ails. 
O76) @anceesprint —oalbert meus a) yee 19737 maNaCk i eynesicy 6: 
Wilkinson et al., 1976) training. These fiber alterations 


have not, however, been demonstrated in all training studies 
[Bagby meu mal on more mE XnerrCle ain, 10) Sd, atonGD a hRbtSswer 
al., 1973, 1974) and it has been suggested that the changes 


demonstrated in these studies may have been confounded by 


ator wriae | 
avitzatas’ siekas boniant oe 
Gt apres effstt whey 
«af tenditowd nt ‘oahu ‘iit ntaleinin 
84 40, ydqon neque ‘avi foster iwi epee ehe 
Bi’ no 0% Gm d6ntue (pet Hurind at 
7 Adtpex 
Aliw ev oeh) 21Shdw- Oo a “nckAge 
et yasen akortw no} -spinsdo 1aner Lawrie pAtinkes®: 
eal ty esate Hedi? atl ni sake ris Selentanansb idduae i » 
ffewke® bre (UEGT) I\eot6-99%eluas Jeeeng? eae oe = 
gaeaton: no bensvecerb. ser ssnigy wiivbote . ETOP GIS 4 — 
Alig geole 2dloeun gualoe ai 2ed??- Ge to eats neem orl nit v= 
ne bos .piacivefq ef ead) sacri? sot? Me» to yrgor neque | 
ni eted!l>. Siotim Ssiivty 2) »-nan ao noi faogot beasertont . 
nl .Bolsse Sifts? Gonesvans v6 avlte aeloeun etrsinslq . ‘ 
eaiaaum Yeivelae ni siotissell\e eel) raognes radlt tostite j 
As 3a corqepkho’ sonaquorp died cttw, pals tegnemed nesd svat : 
‘lowkem’ 71,08t (S35 tents ,0T8 (vier te Geen GENCT 


,. ve to moentAlre | hie! oi $2 wrowe “$Qt . ATR is oa8 = 
ayer. atrinet over 4 .\e- 3 f1exnie? ) Tei qe “brs. (ave en, 


acatistetia 1907? saat .gnintaay (otgt A> 79 roan tArtW 
aatlyie orinnott (le mi betassencmes nem ;sevewad 7Je 
fe A070) (a2 TO? ab Tn aS PR eee TOL » ie 
eognado eit Jat) batesgnos Aesd ead it bre (bYet 


88 


developmental changes (Mackie, 1976; Wilkinson et al., 
1976). In fact, some of the controversial evidence cited 
eamlier Qipertainingu tor thesspeciticity ofsproteinesynthesis 
may be due to a similar interaction of training response and 
developmental changes in prepubertal and mature animals. 
This increase in protein synthesis with exercise was 
reflected in a more general way by Hubbard et a/. (1974) who 
showed that there was more protein in exercised as compared 
to control animals, although the body weights of the animals 
were the same. 

On a more enzymatic level, the specificity of protein 
adaptation to a specific exercise stress is well documented. 
In general, training results in an increase in the ability 
to supply energy to the contactile apparatus (Wenger and 
Reed, 1976) as well as changes in the concentration and 
activities of enzymes of intermediary metabolism (Bass et 
al., 1969; Staudte and Pette, 1972). More specificaly, 
increases in oxidative enzyme capacity have been 
demonstrated with endurance exercise and training (Barnard 
Ob Calne MOrOeeti1C7 mers Ltstetvalmy 197442 dington eimai. 
1970) 19S PGokinickhweby ah. yar (972; wPetersuer sal. welts 2: 
Tepgjunge et fal, 1972; Hol loszy et al ;— 1973, 8197 5anqn9o75by 
and; isometric or sprint training seems to alter glycolytic 
as well as some oxidative enzymes (Bagby et a/., 1972; Exner 
Chaat OL oave 97 sbe Sauber treh ail. .ilie, =staudtercu alam 
1973° eihorstensson ef aloy 1975) to result invan increase in 


the metabolic capacity for energy production FSR Me an SW ASE 


le “whl 
a 7 eae 

oo BR Far Aon ae 
er Sees. site Ney if aon . 


sfaatiines niatehg torus rihewe @ eines 
bas: aeriogze) pei sah il es elt 
vabentag sagian ona Tetnsouctanee pt =: 
raw asbonexe: othiw \efeertinge”’ eibstigns. 
ofiw O8%ET) | (RS baadinh, yoew, Psat i re 
irs: 26 beeroiaxs ni nist sham sete ovo tants be 
slemtoa of? to ztnOtew yood ext}: nigra yer 
atyio1 to yitsittowge ont peer ofeayane exit no 
‘petoamugct liew ee! casita iseloists artiess a oF fe) Pere ne 
i$r§ i486. 207 on seseron! ag nt otter) patnian +f erenep A 
Ot s9oree) 2blesiaqe ot2 San trh ae4 of yorENe Waqua’ « _ 
ra 


bnew norjestesonoa sat oni ceonea es I low en) (OYRtT, 

$9 288) 2 “odeteh Yostbcorigitt, Go rarvang Po estiivttos 7 
vibotatnede=coow! .HeSRR: 0044 “Gne- eimeelae 7208F asker 
mad bail giiognt>  esnwEre svttebiho | nt eszparorit. 
uaseiea: pnfakes). bee aefadaxe sovetubes t@)e Selentecome: 
th 4 nolgeibe iter fe te atee*® - en 2O%eh: \. is) te > 
over is 46) -wetety :4¥48t ou te Te hotnihed Geter ote 
(agve:t eater tat ie 22.48ecl(o4- 25001 Gels oteig 
abtylaay!@  7S)!s o} ammeagnieiaw taisge 40 otitequahl: bes 5 
yoink GR) 7.16 38 xope) getvsne av hists7 co woe 26) 1 
,. lots sttwett, -88@) ie Ae Teees  eerer ,a6t8t 
nt gemprori og AT Deen cep etet , le 29 
cevhh . anhaTats, nebtopinig Yeneme 107 <a 


re ie 


7 
‘i 
7 ; : 
: . _ 
Z 4 _ 
, aaa iat a — _2 a 


89 


Hotloszy ,91975a))r. 

Analysis of nucleic acid content in trained skeletal 
muscle gives rise to more controversial findings. Gordon and 
co-workers (1967a, 1967b) found no change in total muscle 
DNA content from animals trained by swimming, endurance 
running or weight lifting whereas Bailey et a/. (1973), with 
animals training by means of a swimming program, showed a 
significant difference between exercise and control animals 
in DNA concentration (yg/mg tissue) at 12 weeks of age, and 
in the protein:DNA ratio at 6 weeks of age. In contrast, 
Hubbard et al. (1974) showed changes in DNA content, as a 
result of an endurance running program, only in selective 
muscles. Thus, the gastrocnemius muscle showed no change in 
DNA content while Signin ivecant decreases in DNA 
concentrations of soleus and plantaris muscles were seen in 
rats exercised up to 18 weeks of age. It is possible’ that 
these discrepancies again may be age related, as the animals 
used in these particular studies were from different age 
groups (Hubbard et a/]., 1974; Bailey et a/., 1973). 

RNA concentrations in rat cardiac and skeletal muscle 
have also been studied after acute exhaustive swimming 
(Bostrom et al., 1974). Levels of RNA in cardiac tissue were 
significantly decreased immediately after the exercise bout 
whereas no change was seen in RNA concentration in the 
gastrocnemius muscle. However, after one to three days 
post-exercise, levels of RNA were significantly higher in 


both gastrocnemius and cardiac muscles. It was suggested by 


hig) netriod pone: 
\etoawn ator nt areecogeoaie Vv 
sonesubns .bnitmirwe yal" batant alanine iovt 
asto... ETE Ve Se: yal Fee aneredih OAPIT TT 
Ls beets néetg078 potuinewaris Fe sheath ya 
atamiiig foerthoo.one serryeus nnsew saith: ae 
brn jape-'o 2Neew OF 7s taidesit tees 
Tesiinds al .sie 6 _adisieiw a ‘5 arte) SAG? 
€ ag: fmeraoo Gi tH coor ise {avers ia 
evitosiee ni yine cones pn fofiis «saris rule, iho 
nt epnarth on bewode sfSaum euritenson seg eat , auth). > 3 . - 
AMG nt . ésesstasb. Ingoltidgte siine ingtnco v7 : 7 
it neee srsw esicalim 7 tietnefq- ore euelor eo etal 1e13nsgneD 
init atetedeg) at 31) Spe Ho: Saas Ur ign qs Deatoraxe: etea 
2taminrs St ' se bas s( 49) oe “sd' fom aregs exstaraqergeth eeontty. 
Les Inemlefb mont onaw. e@stbule tehioh4Rg saan at- bee 
(RVSt .. 1 Te yshied | 208F | Se ee been) oquotig’ © . 


stom. [efelods ore-cehted wee 2? anohtesbaeanas ANA 
nntmmiwe aviteveiise » oMias "atte  be{ pute ew ae 
sigw due2!? cafbis> ni, AWA Fo shaved (pret mr albeatie 5 — bd 
fuod selovexs 44) 1999s y[Sasthaanl bozestoek yl Pawo ti 
on) nt worl ecimonge ANH. i asks eke sgneta On 
aysb geil of af 167% .7ave~w0) .slosum @ 

> aeripin df fngsttingke stew NW Yo rast ni 
yd betasowve caw tl. -aeigeungpatbres brs 


‘ ; a we 
— - : -< ‘YY © 


90 


BOS Lrompand hls §co-workensee@|9/ 4 ethates the: «dec linewan 
cardiac muscle RNA following the exercise bout reflected an 
incneasemaheprotein, catabol1Sme waee sii tt sain thevsba lance 
towards degradation. Subsequent to this initial catabolic 
period (24 - 72 hrs.) an increase in RNA mediated protein 
synthesis was seen to occur (Bostrom et al]., 1974) and has 
since been confirmed in a review of Soviet research by 
Rogozkin (1976) and of prolonged endurance exercise by 
Poortmans (1975). 

Evidence of a more indirect nature (study of urinary 
nitrogen levels) involving very intense physical exercise 
also supports the notion of enhanced protein storage and 
synthesis with strenuous exercise accompanied by little 
change in the protein breakdown (Consolazio et a/., 1975). 

The incorporation of radioactively tagged amino acids 
into newly synthesized protein has also been studied in a 
limited way. Pain and Manchester (1970) examined the 
incorporation of a radioactively tagged amino acid into 
electrically stimulated rat skeletal muscle and found that 
it was decreased during and immediately following 
stimulation. A subsequent increase in amino acid uptake into 
protein was then observed several hours after stimulation. 
Similar results with tritiated Uridine have been reported by 
Muchnick and Kotsiam (1975) in electrically stimulated 
gastrocnemius muscle. Dohm~ et al. (1977a) examined 
incorporation of 14C tagged leucine into protein in response 


to endurance training and discovered that there was a 
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suppression of tagged leucine incorporation (3 hours 
post-exercise) into the stromal fraction but no change in 
sarcoplasmic or myofibrillar components. These findings seem 
to support the notion of specificity and, one might 
hypothesize that if these authors had followed the tagged 
leucine incorporation for a number of hours post-exercise 
(24 to 72 hrs.) they might perhaps have discovered (as Pain 
and Manchester did (1970)) an increase in the incorporation 
of the tagged leucine into protein in that’ fraction. 
Evidence from other’ work conducted by Dohm et a/. (1977b) 
indicates that during exercise, the balance in _ protein 
metabolism shifts towards catabolism and, it is suggested 
that the increased amino acid oxidation could serve some, as 
yet undefined, role in energy production for the work 
intended. 

Finally, McManus et a/. (1975) with endurance’ trained 
guinea pigs, demonstrated that the training effect on 
tritiated leucine incorporation was significant only in 
sarcoplasmic (vs. myofibrillar) proteins of animals with 
normal gonadal function. The authors suggested that the 
level of physical activity of the young animals studied 
appeared to be more important than gonadal endocr ine 
function (testosterone) in altering protein metabolism and 
muscle and body weights. 

Thus, the notion of specificity of protein adaptation 
associated with selective recruitment of individual skeletal 


muscle fiber types (and fractions within those fibers) would 
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seem to have some support. A further examination of this 
phenomenon and an analysis of the time course over which 
these changes might occur would be of benefit to help 
elucidate the mechanisms involved in the acute, and possibly 
long term, response of protein adaptive systems to physical 


exertion. 
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Figure 18. Sample chromatograph of eluted RNA_ used to 
distinguish tRNA peak. (flow rate = DO oy ae 
wavelength - 254nm; buffer - 0.1M sodium phosphate (pH 
7.0); paper speed - 1tin/h) 
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Table XIV. Method of calculation of 260:280nm wavelength 
ratio used to identify the peak in the eluted sample 


characteristic of transfer RNA. 


OD26070D280 "8260 280 ratio= /20--%cpm= com Saya. 
nm nm -blank -blank 260/280 -blank dpm/0D260 
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blank - O53 
049 


Animal used was AE.ACC. #2 (Plantaris) 
* - eluted samples used for calculation of tRNA S.A. 
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Table XV. Example of the calculation of protein specific 
activity (dpm/mg protein) for animal #2 of the sedentary 
contro legroup. 

Frac M Protein -bI* pr 1 Die COUMIS wl Sek So ahs 

OD260nm mg. mg. cpm cpm dpm 

TOT See 2 UG p20 ee ile SO2o a UCSe2O 148 oO G3 Be AA e120 80 

Parca 2UCme INO wrecOoms 4S 196620142 30226 A227 ial 2 Saks 
MOS 0652.0 (So leocl mei oy ooe 561 | s07 05 en0O- tigen, opoS 
PeeOlis woo meee feoceo: 14 FO O02 3 4a 47.6 1959 3157.07 


Wi etSe ee 325.22 pees ac oSU 2227 Ce ee Un Ceo sor 
Pe MLO RT WAS! -AACyfem We ihelei TOW ae 140 aan Ore ei sme 21 U6 
SOD say li Seee Oss a lO60 378- 499 407 2452 7143 
P2330 oe da oO ee 2oo4 397- 482 408 1410 4107 
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Biuret Blank =.097-.096 Biuret Factor = 0.042 
CGewmRmie eine = fie = sis 


*(-bl = mean of two previous values minus value of blank) 


pri - Amount of Protein in a 0.1 mi aliquot of sample 


pr2 - Amount of Protein in a 0.3 ml aliquot of sample 
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Table XVI. Serum counts (dpm) measured in a 20 pl sample of 


blood taken from experimental an tia S esate? Ome 


aliquots). 

Group Animal# A 1 pore Group Animal# A 1 AeeZ 

SEDC 1 VeYO0RI 4536 .-5eDaC, 1 13900 14536 
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Table XVII. Body weights(g) of experimental animals at time 


Ot. Sdcrmi fice, 


Group Animal # Body Wt. Group Animal # Body Wt. 

SEDAG 1 og SEDEC 1 319 
2 315 2 Skis) 
3 303 S 303 
AN VACG. | AEVACG: 1 232 
Z 3413 2 22 
3 S 276 
AN. 0 1 252 NES. 0 | 270 
2 261 f) 248 
3 269 3 258 
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Table XVIII. Muscle weights (mg) for all experimental 


anime |ScSe> SOleuS* “— = plantaris). 


GROUP ANIMAL# MUSCLE GROUP ANIMAL# MUSCLE 
5) P 5 
Riese Rede Riel e iy ee 
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AN.ACC. 1 104, (99. 204 203.) AE ACC. 1 OTe eee ee oo 
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Table =XIX. olncorporation « of the radionuclide ie (Faaes 


3H)-leucine (dpm/mg protein) in all fractions (total 
homogenate =a Oily, myofibrillar-nuclear MYO, 
mitochondrial - MIT and soluble - SOL) of soleus (S) and 


plantaris (P) muscles from animals in the endurance 


group. 
GROUP FRACTION MUSCLE ANIMAL NUMBER MEAN 
1 2 4 
SEDZ Gn On S 17079" 12080 17422 chee 
p Pose. 1.2335 OSs 11928 
MYO 5 8672 3283 4046 5334 
P 6936 SO 4710 5784 
MIT S 7454 Dietey 1934 3928 
P 34939 2106 1646 2417 
SGL S 6120 7143 Bae 6127 
P 3350 4107 2965 3474 
AEA ACe. TOT S 2278 23 1ch 2418 2358 
p 1745 2022 1896 1888 
MYO S 2054 1497 2109 1887 
p 1643 1891 1628 hed 
MIT 5 1987 d73 1480 
p Sie 4000 EMESNS 
SOL S 3309 3458 3397 3388 
p 1943 2648 2234 2275 
hee) Wee: S 1646 1920 22693 1945 
P 1847 1474 eT 1683 
MYO S OZ 1369 1241 Pies 
p 1404 1250 1413 ras6 
MIT S $224 1459 1445 ioi5 
P 1797 eh) 1669 1594 
SOL S 2014 3673 3740 3408 
P 2092 1920 2220 20s 


bre (2) auatoa to 1i0e +1 


acnenubar si? of ae 


name : Coe 
was. _— cum 422M MOLTOASA, SUORD 


«ae se tae eee 
“ter 9.032 
are’ aay 

2 
- y. 
i 


TIM 
“402 


TOT .o90: 3A 


102 


Table XIX (cont’d)... Incorporation of the radionuclide 


L-(4,5 3H)-leucine (dpm/mg protein) in all fractions 
(total homogenate -TOT, myofibrillar-nuclear - MYO, 
mitochondrial - MIT and soluble - SOL) of soleus (S) and 


plantaris (P) muscles from animals in the endurance 


group. 
GROUP FRACTION MUSCLE ANIMAL NUMBER MEAN 
1 2 3 
hee weer S 92400 2730 2983 32704 
P 27848 2022 2540 10803 
MYO S 74925 20S 2406 26501 
P 24181 1655 2496 9444 
MIT S 81774 25%h2 2362 28903 
p 15040 1267 1966 6091 
SOL S 131589 3796 4107 46497 
P 36174 2826 3020 14007 
Age 24 JOT 5 174227 84503 3350 87360 
P 29398 14239 2636 15424 
MYO 5 118285 77768 2427 66160 
P 24399 10775 2074 12416 
MIT S S286 1 e670 2424 60685 
P 2230 a1 Oime 1320 4556 
SOL iS 279593 91233007 1116 134689 
p 407456517385 862 19668 
AE. 36 TQ) S 36809) 95217 993 Sae2t3 
p 2526) 10032 667 4408 
MYO S Zoe oesos 734 20479 
p PR ais) 1035 62 1 3258 
MIT S 1390 37747 28 1h 13985 
P 1760 5375 16357 2924 
SOL S 4352 147165 5054 52190 
p e226) 13/63 2547 6494 
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Table XIX (cont'd)... Incorporation of the radionuclide 


L-(4,5 3H)-leucine (dpm/mg protein) in all fractions 


(total homogenate -TOT, myofibrillar-nuclear - MYO, 


mitochondrial - MIT and soluble - SOL) of soleus (S) 


and 


plantaris (P) muscles from animals in the endurance 


group. 
GROUP FRAGT ION MUSCEE ANIMAL NUMBER MEAN 
1 2 3 4 
AER 40) 90, S 2301 3140 3956 Sige 
P 1934 2438 2965 2446 
MYO S WS 1888 3106 2237 
P ey 1943 2144 193 1 
MIT S 1524 1162 8316 202] 
p 1442 1416 1748 1335 
SOL 5 3099 Cece S26 
P 2429 2444 13268 2066 
NS. (eee GNF S 2636 2695 3228 2858 
p 1809 2068 2488 2a 
MYO S 1649 HOY? 1896 hee 
p Ova ocd 1902 icc 
MIT S 1492 155.3 1506 coy, 
P 1632 1599 1398 1510 
STO S 3740 S126 4498 3988 
P 2380 2007 3108 2698 
Wee (he 10)! S 2a 2258 2447 230K 
P 2220 1585 178s 1868 
MYO S Sys joy 5 1981 1743 
p TOPS 1366 Oty 1653 
MIT S 1063 1940 INS HIE 1958 
P els 1104 1701 1540 
SUE S 302 1 3030 Shipae S035 
P 2628 2240 Zoo 2a 
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yA AS) 
tal 
1G; 


and 


plantaris (P) muscles from animals in the sprint group. 


GROUP FRACTION MUSCLE 


ANIMAL NUMBER 
2 3 
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Table XX (cont'd)... Incorporation of the radionuclide 
L-(4,5 3H)-leucine (dpm/mg protein) in all. fractions 
(total homogenate -TOT, myofibrillar-nuclear - MYO, 
mitochondrial - MIT and soluble - SOL) of soleus (S$) and 


plantaris (P) muscles from animals in the sprint group. 


GROUP FRACTION MUSCLE ANIMAL NUMBER MEAN 
1 2 & 

KNe Stes 10 F S 2534 3134 2660 Quilted 
P 2089 22 2010 2070 

MYO S 1107 2491 1975 2058 

P 1410 WES irl 1649 

MIT a 2167 (oS? ie'D 1943 

P 1882 1684 1535 1700 

SOL S 3880 4582 3784 4082 

P 2890 2543 S108 2846 

ANS 24 TOT 5S) 47342 1803 224 See OD05d 36610 
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AN 36) TG 92505 54799" 61922 69742 
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Table XX (cont’d)... Incorporation of the radionuclide 
L-(4,5 3H)-leucine (dpm/mg protein) in all fractions 
(total homogenate -TOT, myofibrillar-nuclear - MYO, 
mi tochondi val =sNIT and @soluble -<S0L) of soleus 5) and 


plantaris (P) muscles from animals in the sprint group. 


GROUP FRACTION MUSCLE ANIMAL NUMBER MEAN 
2 3 “ 

AN. 48 TOT S 3298 3784 93589 122530 55800 
2 30093 Soc Deel e OUs 284 12450 

MYO S) 19611 2526 62734 87457 38670 

P 2290 2300 Com Oo2. 9096 

MIT 5 LOS 26305105625) 109605 54755 

P 2243 S200, ICT AM 14798 9870 

SUE 5 4929 AOOUNIOO2ZSO HBA oT 92978 

P 3700 4387 34743 27505 17584 

AN. 60 TOT S 3414 DT S233 3074 
e 2403 DET 2741 2454 

MYO S 1981 1154 2050 Leh 

P 186 1 1582 1818 1754 

MIT S 2028 950 2200 doe | 

P 2018 Ghoul 1894 SE 

SOL © 4317 3807 4061 4062 

P 4090 3067 4361 oye Ci 

I Thee AONE ) S20 2543 664 2109 
P 2502 1934 906 man 

MYO 5 1818 1A1A0 1206 eos: 

P 1888 Ge ie 1494 

MIT S 1413 862 961 1079 

P 1876 1620 1206 1O67 

SOL S 4506 3437 3026 3824 

p 3647 ASHEN 302 1 
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Table XXI. Calculation of the conversion factor used to 
change cpm to dpm. An internal standard of known 
radioactivity was used. Data from animal 1 (AE. 60) was 
used for standardization. 


Fraction Muscle Original cpm New cpm Difference 


HO S 390 668 17 So477 
423 Se 36634 

Pp He) 36100 35667 

424 soos 391093 

H 530 37950 S1360 

600 SMP SieM/ 36967 

MYO S 628 Sheet 371893 
648 86717 36069 

p SoD 36250 e7 765 

600 38750 S18) al) 

H 843 37467 36624 

844 38500 37659 

MIT S 129 37917 37788 
140 33383 39243 

p 124 39417 39293 

126 39367 39244 

H 264 39783 39519 

260 38950 38690 

Sou S 255 40160 39905 
259 SOes 37958 

p 329 39983 39654 

304 Suete | if oysker he 

H 595 cher Tow) 38872 

602 38867 86205 

SERUM 14914 51700 36786 
15279 Boo 42846 

BLANK 27 83517 38490 
28 S200 Sie 

Mean = 38133 


Internal Standard = 1.327 x 10® dpm/gm solution 
100u1=0.0837gm solution 

Radioactivity added to samples = 111,070 ona 
Conversion factor for cpm to dpm on Beckman LS 250 
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BIURET TECHNIQUE 


Reagent Preparation 

1.5g of CuSO4.5H20 and 6.0g of NaKC4H406.4H20 were mixed in 
approximately 500ml of distilled water. 

300ml of 10% NaOH was added to the above solution with 
constant swirling 

The solution was then diluted to 1.01 with distilled water 


and stored in a ‘Teflon’ bottle. 


PROCEDURE 

0.5ml of the above reagent was added to 0.iml of sample. 

The mixture was agitated and left to stand for 10min at room 
temperature. 

The Optical Density was spectrophotometrically measured at a 
wavelength of 540nm and the value multiplied by the 
standard curve factor (0.042) established for the Biuret 
reagent. The results were expressed as mg of protein in 


0.0im]l of sample. 


* Modified from Gornall, A.G., et al., Journal of Biological 


Ghemiseny A (154-66, 1949: 
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table XAT]. Sacrifice time schedule for exper imenta ] 


animals. 
Group Animal Time of Group Animal  Timeof 
# Sacrifice(hrs) # Sacrifice(hrs) 

SE Dace 1 BV30 

SEDRC# 2 ies Shel 

SEDEG. 3 14:30 

ANE ACC 1 14:00 hemnec 1 G30 
AN.ACC Z S00 AE ACC 2 O30 
NE NGL 3 A380 Ne ING. 3 Lee) 
AN. 0 1 3 S10) ee aa 1 1160 
AN. 0 Z 123 0 Ne id) 2 14:00 
AN. 0 3 6530 Ne. 0 S Perec!) 
AN. 0 4 ee SHO) 

ANe le 1 re SW) NE die 1 1230 
AN. 12 z. Lee) Ne 2 19230 
AN@ 2 3 8:30 INS 2 3 P23 0 
AN ie 4 1 4:30 AE. 24 1 102730 
AN. 24 2 ee arene) AE. 24 2 13730 
AN. 24 3 20 0) AE. 24 S 16:45 
AN. 24 5 230 

ANS 36 1 eeeX0) [Nec EIS) 1 230 
ANI © 2 Ar Sy eS) NSa 216) 2 19:30 
AN. 36 3 1930 INS She 3 DS SiO 
AN. 48 1 ene) AE. 48 1 Och) 
AN. 48 2 PESO Ai 48 2 Sp GRe) 
AN. 48 S Pe es) AE. 48 3 sie ie) 
AN. 48 4 eG: 

AN. 60 1 leas) Aten 36.0 1 19330 
AN. 60 2 23573:0 NS oye 2 Po 73 0 
AN. 60 ) ene eNO) KES 60 3 PME S30 
ANY f2 1 14:30 INS fi 1 10730 
ANS -/2 2 ie Ree INE G2 2 oeeo 0 
AN ae 3 20730 ABP w2 5) Tos 0 
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